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(57) . The antenna element ( 1 ) of a long conductor is . 
formed, with at least one returned portion (la) arrariged 
substantially in parallel to a longitudinal clirection of the 
antenna elemient-Jri practice,. a physical length of the ^ 
antenna element in the. longitudinar direction is deter- 
mined to such a length as to be substantially resonated. 
in,a first f requericy band, and the at least one returned 
portion (1 a j is formed in such a way as tb be resoriateci'' V 
In a second frequency band tvi/ice higher than the fiist^^^ ' 
frequency band on the basiis of an eiertric coupling wlth^^^^^^ 
the adjacerit antenna eleniertt Further, the artenna pan \. 

. be constrjucted in such a my that: an ant^na eiemeni 
(1) of a long conductor , is fprmed wiii at least one . 
returned portion anranged substaritially parallel to 4. 

.longituclirial direction of the antenna dehnient in siich a^ 
way that an .electrical length th^eof is substantially 3/4 
.win^elength c^^^ frequency, band of ^ansmitted ahd' ' 
received signals; and at least half .elemerit (213) of an 
electrical tengtii of sut>stantially 1/4 wavelength of the 
frequency . barK^ begifinin^^^^ ah erxi portion of the 
antenna element on a side.bppqsute to.a feeder portibn . 
(30) . side is formed as an'e>1ended pij^e > 

[ extending substantially Ln .noh^railel to the. substan- • 
tially parailer-formed aritenna eieiments;(21 1 . 21 2). 



FIG.1. 


Primod by Xorox (UK) Busmoss Services 

2.15.504 


D scripti n 

BACKGROUND OF THE INVENTION 

Ftgl<j fff thg InvfflitiQn 

The present Invention relates t an antenna for 
transmitting and receiving radio signals which is suita- 
ble tor use with a portable apparatus (e.g.. portable tel- 
ephone set) and a radio (AM and FM) and TV apparatus 
using the same antenna, and nrrore specifically to a 
small-sized antenna tor transmitting and receiving radio 
signals of two or more frequency bands and a radio 
apparatus using the same small-sized antenna. 

DescripBon of the Prior Art 

Conventionally, as an antenna for a radio apparatus 
such as a portable telephone set a rot-shaped antenna 
32 as shown in Rg. 24 has been used. This antenna 31 
can be inserted into a casing of the racfio apparatus 31 
when not used but can be extended from the casing 
when used. Further, this rod antenna 32 is formed in 
such a way that the length thereof matches about a 1/4 
wavelength or a 1/2 wavelen^ of radio signals to be 
transmitted and received. Therefore, when the transmit- 
ted and received frequency band is decided, the length 
of the rod antenna can be decided unlsquivocally. As a 
result, when low frequency signals are transmitted.and 
received, the length of the antenna is inevitably length- 
ened. In order to shorten the external dimension of the 
rod antenna, various methods have been so far adopted 
such that an antenna wire (e.g.. piano wire) is wound 
into a coil shape and the outer drcumference therebf is 
covered with a resin, tor instance. 

On the other hand, in the antenna used for the port; ,, 
able apparatus., various methods have been so fai- 
adopted to prevent the long antenna from being 
obstructive when carried. For instance, when not used, 
the antenna is inserted into the portable apparatus' in 
such a way that a part of the antenna is kept exposed 
from the casing to ireceive only, a call signal or ^that 
another antenna for receiving only a call signal is 
attached to the casing and the entire antenna, is 
extended to the outside from the: casing to increase the. 
sensitivity only during communications. Here, in the 
case where an antenna for receiving only a call signal 
and another antenna! extended only during communica- 
tions are both used, there are two types. One is a top 
coil type in which the call signal receiving antenna! is 
loaded at the end of the communication antenna, and. 
the other is a bottom coil type in which the call sigriai 
receiving antenna is always kept housed in the radio 
apparatus casing as It is even when the comnunicatibn 
antenna is extended for use. 

In summary, the call signal receiving antenna itself 
must be long enough to satisfy a length of about 1/4 or 
1/2 wavelength of the transmitted and received signals, 
and in addition must be short enough not to be obstruc- 
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tive when can'led. Theretor , in general, the call signal 
receiving antenna is wound into a coil shape to shorten 
the iaxterhal length of the antenna. Further, in the case 
of ^ the communication antenna, when the frequency 

5 band of the transmitted and received signals is low. 
since the length thereof increases and thereby the han- 
dling is not convenient^ the commuhicdtion antenna is 
usually sHortenisd by winding it irito a coil shape. 
As described above, in the case where the antenna 

10 wire is wound into a coil shape iri order to shorten the 
external length of the antenna, when the coil intervals 
are large, although no problem arises with respect to 
the'eleictricai relationship between the coiled antenna 
elements/ the; coil length cannot be shortened suffi- 

: IS dently: On' the other hand, when; the coil intervals are 
short (the coil is wound densely), ^although the coil 
length can be shortened, since the current components 
perpendicular - to uthe longitudinal direction of the 
antenna increase, 'the radiation resistance of the 

20 antenna is reduced due to:the relationship with respect 
to the polarized. wave plana In this case, there exists a 
problem In that the antenna performance deteriorates 
even if a ntatching circuit is attached to the antenna. 
Further; when the length of the antenna is about 1/4 

25 wavelength >6f the transmitted and received signals, 
since this antenna can function as an antenna of about 
3/4 wavelength of another frequency band three times 
higher than the frequency band of this antenna, this 
antenna can function in the same way as with the case 

30 of an antenna of about 1/4 wavelength, therefore, it is 
piossible to' transmit aihd'r^ frequency t)ands 

odd«1imes (e.g/., three times, five times, etc.) higher 
, than the frequency t>ar)d of this antenna by use of ttie 
same antenna.* Oh 8ie dfier hand, howiever. in the case 

35 wher^ the frequency barif Is twice higher than the fre- 
quency tknd of this antenna^ since tiie antenna length 
is abbi^ 1/2 wavelength thercfoF, this antenna cannot 
function as ah antenna as~far as a speciaT matching cir- 
cuitfbi' T/2i^jreiengththereo^ 

^ . the antenna feeding side: That is, it is impossible to 

. trahsmit ar^ of frequency bands of 

; even-nun^^^ timeis. four times, ete.) relation- 

ship with re^e^ to thie fri^uehcy bahd of tills antenna 

2 or signals in the yiqihi^' ojf these ifrequen^^ bands by 

.45 use of tfie same ahtenha. In practiciB. however, in the 
^case of the >3rtab^ telephone sets in; Europe, for 
instance, since the frequency barxl 
in QSM' (^rpup isped^ mobile) (which conresponds to 

. . . PDC (peisbhat digital cellular) in Japanese system). 

so and ftirther the f^e^liency band of ISObiyiHz is used in 
. DCS (digitaircieilular syst^i) (whi^^^ to 
V PHS (peiBonal hahdy^hone ^.system) iri Japanese sys- 
tem), itis'pailicuiarly pr^^^ to transmit and receive 
y radio sighids of a plurailty of frequency bands by use of 

55 only a single amennai C^ however, in order 

to transmit and receive radio signals of both! the fre- 
quency bands, it has been so far necessary to^provide 
two different antennas or to use an antenna such that 
another antenna is connected, to an end of a high fre- 
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quehcy band antenna via a trap circuit in such a way 
that the total antenna length can match that of the low 
frequency band antenna.: 

SUMMARY OF THE INVENTION 

With these problenrYs in mind, therefore, it is the 
object of the present invention to provide an antenna 
which can realize a small-sized antenna required for a 
portable apparatus fbr transmitting and receiving radio 
signals, without deteriorating the antenna performance 
.and without ' attaching any special nnatching circuit 
thereta 

Further/another object of the present invention is to 
provide an antenna which can transmit and receive 
radio signals of two or more frequency bands, for. 
< instance such that radio signals of the frequency bands 
even-number times (other than the odd-number times) 
higher than lew frequency band can be transmitted and 
received by use of a single antenna together with radio 
signals of the low frequency band. 

Further, still another object of the present invention 
is to provide an antenna which can achieve the akxsve- 
mentioned objects in spite of the antenna suitable for 
use with a portable apparatus in such a way that.a part 
of the antenna can be extended .from the casing during 
communications but retracted into the casirig during 
standby. 

Further, still another object of the present invention 
is to provide a radio apparatus using a small-sized 
antenna which can transmit and receive radio signals of 
two or more frequency bands. ^ - 

Further, still another object of. the present invention 
is to provide an antenna which can realize a small-sized 
antenna required for the portable apparatus for trans- 
mitting and -receiving, radio- signals. :and% which can 
receive a call signal by a first antenna portion whose 
: external dimension is reduced and can receive commu- 
^ nication signals at a high 8ensit»lity.; by;a second. 
-■ antenna portion extended from the casing, r 

. . Further, another^object.of the.present invention is to- 
;^ provide: an antenna, which can transmit and receive: 
radio signals d. the frequency : bands even-number: 
times (other than the oddrnumber times), higher than 
low frequency band together with radio signals of^tiie 
'• lovy. frequency band, for/instance as ; with the case of 
^ radio signals of a low frequency band^and a twice higher 
frequency band, by usO; of the same single antenna, 

.^ Further, still another object of the present invention , 
is to provide an; antenna wNch can shorten the total 
. antenna length- even when. the. second ^antenna is^ 
f extended for communications arid can rfactlrtate the 
. retraction and extension^pf the second aritenna into and 
:from;the>casing:' r - :>-o - . ; ;r - 

• : . Further, still another object of the present invention^ 
is to provide an antenna which can facilijtate the retrac: 
tion and extension of the antenna into and from the cas- 
ing, while fixing th antenna securely^ In both the 
retracted and extended states. ; 
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Further; still another object of the present invention 
is to provide an antenna; which is particularly suitable 
. fbr use with a portable telephone set having a first 
antenna portion for receiving a call signal and a second 
antenna portion eljectrically coupled with the first 
antenna portipn^arxl extended during oornmunications. 
and securely fixed to ttie. casing durinjg both the retrac- 
tion and extension states of the anterina. 

: ; Further, the other object of, the present invention is 
to provide a portable apparatus using an antenna not 
obstructive when earned;, ^ 

To achieve the first object the inventors have stud- 
ied how to obtain such a srnall-sized aritenna suitabi 
for use with a portable radio apparatus (i.e.; retractable 
when carried), which cari receive a call signal when 
retracted and can transmit and receive radio signals of 
two or more frequency bands including high-frequency 
bands even-number times higher than a low frequency 
band when , extended, without providing any special 
matching, circuit and without deteriorating: the antenna.. 
perfomiance. As a result of the study, the inventors have 
fouixJ the following facts: When. the,.antenna element is 
returned sixpr less tiines so as to extend roughly in par- 
allel to the antenna longitudinal direction, since the elec- 
f ical ;}.erigth^.of the antenna element .does not much 
change for a.first frequency band.(e.g.. SQOMHz the 
aiitenna can be used as about 1/4 w^ antenria 
of the first frequency band, (as preyipusly designed). 
However, since the electrical length of the'^ntenna ele- 
mjent.much changes for a second frequency band (e.g.. 
1800MHz) about twice higher .than^tfie firsts ^ 
band, the antenna can be used as about 3/4!^ 
• antenna, of the secorxlrffequency^te Iri .o^er words, 
it is possible to transrriit; and receive radiq^gnals of two. 
ormore f requ^ericy bards (not the frequency bands odd- 
times higher than the first frequency band) by adjusting 
tine number of turns artd the interyals.between the two 
adjacerrt antenna elemente. , • ' ^ ,{ 
r Therefpre.,the^ariterira is 
chararterizedJn that ari, antenna .^ejemert f^^ a 
long conductor is formed witii at.least one r^umed por- 
tion.arranged sufc^^^^^ 
directi6n,of the antennae^^^ 

Here, "substarrtisdly , in parallel b^^^^ that the 
adjacent antenna elemerits can be located in such posi- 
<tional relationship, as to, be cou^^^ r 
. inductiveiy, withou^^ implying "p^ect parajiej positional 
: , relationship". Further, ^he longitudinal direction" implies 
a direction that electromagnetic waves propagate along 
: the conductor, ^ , c :■■ , , 
, : -The phy^'cal lengjtti of the ant element in the 
^pjongitudinal direction is de^^^^ «^ length as 

r ;tp be resonated siib^ band, 
A. and the at least one returned, portion is formed in such 
■ a way as tp be resoriated substantially in a second fre- 
quency band tyvice higher ttian. the first frequency band 
on the. basis of an electrio coupling with the adjacent 
arrtenrta element^ Therefore, it is possible to transmit 
and receiye , signals , pf nuiiti-fr^^ of even- 
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number relationship (e.g.; 900MHz and 1800MHz as . antenna element formed with the returned portion as 
with the case of the portable telephone sets) by use of a - d^ined by the claim (1) and the first antenna element is 
single antenna. formed by an electrically conductive k^tt-shaped body 
Here, "the length resonated substantially in the first disposed on an outer circumference of a cylindrical bob- 
frequency band* implies that signal^ of the first fre- s bin formed of an electrically irisulating. substance, it is 
quency band cari be traiisnrtitted and received in a usual possible to obtain a small-sized antenna of multi-fre- 
coupling rate without causing a large loss. In practice, quency bands, which is suitable for use with a portable 
"this length- implies such a length obtained by finely apparatus, 

adjusting the lengtte of about 1/4 or 1/2 wavelength of Here, the practical structure for connecting the first 

the first frequency biaiiid under due consideration of the io and seicond antenna pations electrically is such that 

influences of the resistance components and the indue- one (lower) end of the first, antenna element is electri- 

tive components of a casing (to which the antenna is cally connected to a metat.fixture for mounting a feeder 

attached) and various metal fixtures upon the antenna disposed at a lower portion of the first antenna portion; 

in the method of try and error. and the other (upper) end of the f irst antenna element is 

Here, when the long conductor is a belt-shaped is formed with a projection iportion projecting radially 

body, the antenna can k)e formed simply by punching or inward of the bobbin via a through hole fornried at a part 

by etching a thin film formed in accordance with deposi- of a side wall of the bobbin; and the . first and second 

tioh or evaporation; The belt-shaped txxJy can be dis- arrtenna portions areoonnected electrically by fitting the . 

posed on an outer circumference of a cylindrical bobfexn projection portion to a recessed portion formed in a 

or fbnned at an end of a printed circuit board on which a 20 metal stopper attached to a lower end of the second 

transmit and receive circuit is formed. In this case, a antenna portion in electrical contact with the second 

small-sized antenna can be obtained simply antenna element 

Further, when the antenna element formed with the Here, the first antenna portion and the second 

returned portion is wound into a coil shape with the Ion- antenna portion are connected to each other electrically 

gitudihal direction of the antenna element as its central 25 or coupled to each other capacitively and/on inductively 

aicis thereof by maintaining electricalcoupling with the without direct contact between both or decouple from 

adjacent antenna element, it is possible - to further each other electrically. :\ 

shorten the antenna shortened by forming the returned Further, to achieve the second object the antenna 

portions. according td the piresent invention is characterized by a 

F^urther. it Is preferable that the long conductor is 30 first antenna portion fomied with the, returned portions 

formed Mnto a zigzag shape and formed with the along the antenna axial direction to>shorten the external 

returned portion in such a way that zigzag portions dimensions thereof and transmitting: and receiving sig- 

thereof are adjacerit to each other, because the nals of one' frequency band and other.frequency bands 

antenna cari be fiirtheir shortened^ ' ^ • even-number (twice): :times higher. than- the one fre- 

Further, it is preferable thisit the length of the long 35 quency band; and: a second antenna portion extended 

conductor in the iongiUidinal direction is decided so as from the casing during communications to increase the 

tocorrespondtosubstantially 1/4 wavelengtn of the first sensitivity; means for coupling the first and second 

frequency k>and. because the aritenria can be further antenna portions without reducing the sensitivity of the 

shoilenW and additibhally the antenna can function as antenna; or means' for transmitting and receiving sig- 

ai niulti-frequency band antenna which cari transmit and 40 nals of two or more frequency.^ bandsrof even-number 

receive signals of frequency barids even-times higher ^ relationship by use of the second antenna portion. 

(e:g:, twice) than the lowest frequency band in addition That is. the antenna aocording toithe present inven- 

to the frequency bands bdd-nunrrf)e^ • tion 'comprises: a' first amennat portion h^ 

the lowest frequency band. • ' • antenna elemerit formed 'by a: long.- conductor and 

Here/"substaritiaiiy 1/4 4s tornied with at least one returned portibn arranged sub- 

the antenna formed with the returned portions can res- stantially in parallel to-a- tohgitudinal direction of the 

briated in about 1/4 wavelength of a frequency band. In antenna eiemerit^ the first antenna portion being formed 

p^^^ electrical length is reduced to ' In such a way that a total electrical length thereof is su^ 
'less than 1/4 wavelength of the frequency band. Evening- ^ istaritially' 1/4 wavelength of a first frequency band but 

this case, the antenna can be resonated in about 1/4 'so substaritialty 3/4' wavelength of a second frequency 

waveiertgth of the 'frequency band due to the presence '^ * band; and a second antenna portfon having one end 

oil the capacitance between the arttenna' elements. ^- ' ' portion connected electrically to the first antenna por- 

Here; the otfiar end of the first arrteri^ ' ; 'tiori wheri e)<1erided externally from a casi^^^ the sec- 
one end of the second antenna portion are electrically ond antenna portion being composed of a first antenna 
coupled capacitively khd/or inductively, without direct 55 : elementformed in such a^v^ length 
contact between the two anterina pbilibns.^ ' thereof is substantially 1/2 wavelength.of the second 
since no contact piece is relquired' between both, this frequency t>and 'and a second antenna element con- 
structure is stable from'^e mechahlcal standpoint. nected- to tKe first" antenna element electrically and 

Further, when the first antenna portion is the first formed in such a way that a total electrical length 
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together.with the first antenna element is substantially length of one frec^jency band is connected electrically. 

1/2 wavelength of th first frequency band. when extended, to a first antenna portion formed in 

Here, "substantially in parallel to" implies that the sucha way a total length thereof has an electrical length 

adjacent antenna elements can b located at such a of. substantially 3/4 wavelength of the.,one frequency 

positional relationship =as to be coupled capacttively s barxl; and the first anterina portion is formed in such a 

and/or Inductively, without implying "perfect parallel". way that a portion corresponding to an electrical length 

Further. Ihe longitudinal direction" implies a direction substantially 2/4 wavelength of ttie frequency band 

that electromagnetic waves propagate along the con- can function as a phase shifter for canceling electric 

^ ductor. . ; * r fields with each other. In this embodiTO 

, Further. Ihe electrical length of substantially 1/4 io • first and second antenna portipns are directly con- 

wavelength" implies such a length that the antenna nected to each other electrically, since the electrical 

^ . formed with the returned portions can resonate in about . length portion d 2/4 wavelength of the frequency band 

1/4 wavelength of. a frequency t>and. which is finely functions as a phase shifter, the eleqtriced^ 

adjusted under due consideration of the influences of atx)ut 1/4 wavelength of the first aritenna portion is in 

the resistance components and the inductive compo- is phase with the electrical length portion of .alx>ut 1/2 

nents of a casing (to which the antenna is attached) and wavelength of the second antenna portiph. so that a 

various metal fixtures upon the antenna in the method . ^^'9^ sensitive antenna can be obtained. . 

r . of try and error. In practice, the electrical length of the Further, in another embodiment 

r. antenna is determined less than 1/4 wavelength of the according to the present invention, the antenna com- 

■A\. frequency band. In this case, however, the antenna can 20 prises: a first antenna. portion having an antenna ele- 

be resonated in about 1/4 wavelength of the frequency . ment formed by a long, conductor and formed with at 

band due to the presence of the capacitance between least one returned portion arranged substantially in par- 

> / the antenna elements, "substantially 3/4 wavelength" allel to a longitudinal direction of the antenna element; 

and "substantially 1/2 wavelength" imply the same. Fur- and a second antenna portion having one end portion 

ther, the electrical connection implies the direct contact 2s connected electrically to. ttie first antenna portion when 

between two conductors and the capadtive and/or extended externally from a casing, the.second antenna 

inductive coupling between two conductors. portion being a series resonance circuit -having an 

Further, the first antenna element and the secorid inductor element and a capacitor elernent and coupled 

antenna:etement are connected to each other via a trap with the first antenna portion capacitively.and/or induc- 

parallel-resonated . in the second frequency band. 30 tively. .In this case, the size of the second antenna por- . 

Therefore; the second antenna element over the trap tion can be reduced markedly, so, that ttie second 

^ does not function electrically in ttie second frequency antenna portion can be esilended .arKl r^racted easily 

band but, functions >as; 1/2 wavelengtti of the first fre-. by use pf a button. . ■ - : : 

quency band together- witti ttie first antenna element Further., it is also preferable that tiie, first antenna 

Furttier, since the trap does not function in the first fre- 35 portion is formed with the returned portion for transmit- 

quency band, the antenna can transmit and receive sig- . ting and receiving txrth first and. second, frequency 

nals of botti ttie frequency bands at a high sensitivity, . t>an(te. respectively; ttie secprd am 

Further.:.ttie first antenna element and ttie second- . : posed of a first series resonanpe circuity series-reso- 

antenria element are connected to each ottier via a nated jn ttie first frequency band arid series 
, phase shifter for shifting a phase of 180 degrees with ^ 40 resonance cirquit series^'esonated^, in the second fre- 

T?^: jespecttottiesecori0frequencyband. Therefore. Since ^.^^^^^^v^ and the first and second^series^r 

:t4,,, V k>otti ,;the antenna , eien^^ iri phase witti each . .- „ nance circuits are (X)upljBd^vinth e^ bapadtively 

31^0:^ other; ttiat is^ :since, two ; 1/2 wavelengtti antenna ele-.., and/orinducttvely. in this.cas^^^^ 

ments are connected iri series, it is possit>le to increase- and receive signals of two or more frequency bands by 

- , the antenria sensitivity marl^ 45 » use of a short antenna. 

. , ' . . ' Furthery ttie first anterina porttpn is formed witti a . To achieye ttie third obj^ the antenna formed with 

. coupling returned pprtiori -atra position an electrical ttie returned portions is further irnproved. That is. when 

length of substaritially.1/4: wavelength ttie antenna is formed with the returned portions so as 
^fs/ ..quency band^away from one end portion thereof, on-. , , . to. transmit and receive signals of the. two frequency 

. f eeder portion side, auid, further the ses 50 . bands^.of evenrnumber reiatioriship, since ttie antenna 

X ;;>;tionissp;disposed.as|obecou^^ v . -fupdpns as an.ant^ 

frv^v . inductively with fcx>th ttie: coupling returned portion arid , length of ttie t^Mnce-higher,^ ttie cunrent 

the other, end of the first antemia portion. In this case. . '.di^trtoutions be^ the ssune in nriagniti^ but oppo- 

.: the first and.second.arnennapp^ ..site.in dir^onUt .the 

, . elecfrically at a ttigti efficiency fbr botti ttie first and sec- ^,55 . wavelength of. the frequency bari0. so that ttie cunrent 

qnd frequency bards. v . disfrjbutions are cancel 

In an embodiment d the antema ac^ . . a reduction . of the antenna sensitivity., f^urt^^ 

present invention, a second antenna portion formed so . second antenna portion extended from ttie casing dur- 

astphavean elecfricallengthofsul>stantially 1/2 wave- . ing communications is connected ,tb .ttie. first antenna 
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portion, the electrical length of the first antenna portion 
is about 3/4 wavelength of the second frequency band 
twice higher than the first frequwcy band. Therefore, 
when the second antenna portion is formed so as t 
haveanelectricat lengthofabout 1/2 wavelength of the 5 
frequency band, since the second antenna portion is 
out of phase with the first antenna portion at the electri- 
cal length portibh of about 2/4 wavelength of the fre- 
quency band, the sensitivity thereof Is reduced. 

To overcome this problem, the antenna according to 
to the present invention is formed with: an antenna ele- 
ment formed by a long conductor and formed with at 
least one returned portion arranged substantially in par* 
allel to a longitudinal direction of the antenna element in 
such a way that an electrical length thereof is sut)stan* is 
ttally 3/4 wavelength of a frequency band of transmitted 
and received signals: and at least half of an electrical 
length of substantially 1/4 wavelength of the frequency 
band beginning from an end portion of the antenna ele- 
ment on a side opposite to a feeder portion side is 20 
formed as an extended antenna piece extending sub- 
stantially in non-parallel to the substantially parallel- 
formed antenna element. As a result it is possible to 
eliminate the antenna element portion at which the cur- 
rent distributions are the sanie in magnitude and oppo- 2s 
she in direction, so that the current distrft)utions are not ' 
canceled with each other. 

Further, it is preferable that at least half of the elec- * 
trical length of substantially 1/4 wavelength portion 
extending substantially in non-parallel is extended in 30 
such a way that small crank-shaped portions are 
repeatedly formed along the substantially parallel- 
formed antenna element. In this case, since the cunrerit 
components are canceled with each other by the small 
crahk-shaped portions and thereby a part of the portion 35 
of 2/4 wavelength of the antenna element can be elimi- 
nated without canceling^ the other 1/4 wavelength por- 
tion, the senisitivity can be further improved. Further, in 
this structure, since the crarik-^haped portions can be ' 
extended in the direction subs£ahtially the same as with 40 
the case of the parallel Wanged antenna elements, t^^ 
antenna space can b^ reducfed arid further tiie conned*^' 
tion vinth the second aht^ria portion can be facilitated. 

Further, in an embodiment of the antenna accord- 
ing to the present invention domprises: an antenna ete- 4S 
ment formed by a long cdnductor and formed with at 
least one returned portion arranged sut>staritially in par- ^ 
allel to a longitudinal direction of the antenna element in 
such a way that an electrical length ther^ 
tially 1/4* wavelength of^a first frequency band: and a so 
coupling returned portiohiorriidd' so as -to be coupled ' 
with a second antenna portion capadtively and/or ^ 
inductively at a position ah (^ettrical lengih of substan- 
tially 1/4 waveloigih of a secorid frequency band aw^y- 
from a feeder pbni6n skJe bif thie antenna element As b ' ' 'ss 
result, when connected to the second antenna, the first 
antenna portion is coupled at the coupling returned p6r- 
tidri in the second frequency band, since the electrical ' 
length portibh of 2/4 wavelength of the first antenna por- 


tion can be omitted, it is possible to prevent the sensitiv- 
ity from being reduced due to the cancellation of the 
electrical length portion of 2/4 wavelengtti of tiie first 
antenna portion with the electrical length portion of 1/2 
wavelength of the second antenna portion. 

Further, in an embodiment of the antenna accord- 
ing to the present invention, the antenna comprises: a 
first antenna portion as defined by daim (25) and 
formed by an antenna element disposed on an outer cir- 
cumferential portion of a cylindrical insulating body: a 
second antenna portion coupled with the first antenna 
portion capadtively and/or inductively when extended 
externally being slidabiy moved along an inner droum- 
ferential portion of the insulating body: and the end por- 
tion of the antenna element of the first antenna portion 
being formed at a position farther away from the second 
antenna portion than the coupling returned portion in 
such a way that the second'antenna portion can be eas- 
ily coupled with tiie coupling returned portion of the first 
antenna portion in the second frequency band at an end 
portion opposite to a feeder portion of tfie antenna ele- 
ment of the fn^ antenna portion: Therefore, since the 
coupling between the first and second antenna portions 
can be further increased at the coupling returned por- 
tion of ttie first antenna portion in the second frequency 
band, and feidlitated at the end portion of the fM 
antenna portion by the 1/4 waveform i^esdnance in the 
first frequency band. 

' Further/in an embodiment of the ahtenna accord- 
ing to the present invention, the antenna, comprises: a 
-cyliridricar core fixed to a metal fixture at one end 
tiiereof: a ring spring disposed coaxially with the core 
on the other end portion of the core: a cap formed witii 
a through lk>le comnuinicating witii a ceiritral hole of the 
core arid covering the core and the ring spring: and a 
rod antenna member formed with a large-diameter top 
portion and a joim portion on both ends thereof so as to 
be slidably fitted to the central hole of the core, and 
wherein a notch engaged with the ring spring is formed 
at the top portion and the joint portion of the rod 
antenna* memt>err respectively. As a reisult, the core 
formed with no slit can be always in slidable contact witii 
the large diameter portion of tiie rot antenna member 
with a constant inner diaiTieter;'and tiie ring spring is 
engaged witii the notchies formedih tiie large diametiar 
portion of the irod antenhei niember when tiie antenna 
member is extended and retracted. Here, since the ring 
spring is -an independent spring member hekj by tiie 
core arid tiie cap. tiie rod antenna element can be fixed 
by a suffidehtf y large elastic force of tie ring spring. 
' Further, it is preferable that a split-type stopp 
ing an outer cKamieter larger ah inner diameter of a hole 
of the cylindri(^ core, through which the joint portion of 
1tHe rbd iuit^^ is fitted to 

an eind portion of tiie jbiht portibn.of the rod antenna 
member. In tiiis structure, since tiie stopper can be 
attached'to tiie rod antenna hfienr^er after the rod 
anteinna member has been inserted into ttie cap. ring 
spring and the core, it is pk>ssit)le to prevent from fbrm- 
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. ing a slit in the core for passing the stopper or from 
increasing the inner diameter of the core, so that a reli- 
ai^le click structure of the rod antenna member can be . . 
obtained. 

Further, it is preferable that the cylindrical core is s 
formed of an electrically insulating substance, and a first 
antenna portion is formed by disposing an antenna ele- 
ment on an outer circunrtference of the core. As a result 
it is possible to obtain an antenna suitable for use with a 
portable telephone set such that the first antenna por- ip 
lion for receiving only a call signal and the second 
antenna portion extended during communications are 
both used, by a lesser nun^er of parts, in a simple 
structure, and* with a reliable dick structure when the 
rod antenna member is extended and retracted. is 

Further, the present invention provides a radio 
apparatus comprising: a high frequency circuit board 
disposed in a casing; and. an antenna formed with an 
antenna element formed by a long conductor and 
formed with at least one returned portion an-anged subr 20 
stantially in parallel to a k>ngitudinal direction of the ^ 
antenna element, the antenna being provided on the . 
high frequency circuit board. 

Further, the present invention provides a radio 
apparatus comprising: a high frequency circuit board 25 
disposed in a casing; and an antenna element formed 
by a long conductor and formed with at least one 
returned portion arranged siiDstantially in parallel to a . 
longitudinal direction of the antenna element in such a 
way that an electrical length thereof is substantially 3/4 30. 
wavelength of a frequency band of fransmitted and 
received signals; and at least half of an electrical length 
of substantially 1/4 wavelength of the frequency bandr • 
beginning from an end portion of the antenna element 
on a side opposite to a feeder portion side is formed as 3S 
an extended antenna piece extending substantially in 
non-parallel to the substantially parallel-formed antenna ^ 
element, the antenna being provided on the high fre- . 
quency circuit board. . 

BRIEF DESCRIPT IQN QF.THE DRAWINGS 

Fig:. 1 is- an illustration /Showing a first (basic):, 
. . embodiment of < the antenna haying returned por- 
, ■ ' tions according to the present invention; , 45: 

Rgs. 2a, 2b and 2c are illustrations showing three . . 
modifications of the first embocfiment of the 
. . v antenna shown in Fig. 1 ; ,r 

-Figs. 3a and 3b are partly cross-sectional views^ . 
showing a practical ernbddinient of the antenna , so 

. shown in Rg. 1- Jn which Fig^ 3a shows a first . 
antenna portion shown Jn Fig. 1 is connected to a 
second antenna portion extended from a casing for 
communications, and r Fig, 3b shows the first 
antenna portion shown in Rg.1 is disconnected: ; 55 
from the second antenna portion retracted into ttie t 
casing for standby to receive a call signal; 
Rg. 4a is a perspective view showing a bobbun 
shown in Fig. 3a; and Fig. 4bjs.a perspective view 


showing the first antenna portion shown in Fig. 3a; 
and Fig, 4c is a development view showing the 
same first antenna portion shown in Fig. 4b; 
Rg. 5a is an illustration showing the electrical 
length, relationship between the first and second 
antenna portions, obtained . when the second 
antenna portion is extended in 900MHz band; 
Fig. 5b iS ':an illustration showing the electrical 
length relationship between the first and second 
antenna portions^ obtained whisn the . second 
antenna portion is: extended in 1800MHz band; 
Rg. 5c is an illustration showing the electrical 
length relationship between the first and second 
antenna portions, obtained when the second 
antenna portion is retracted in 900MHz band; 
Rg. 5d is an illustration showing the electrical 
length relationship between the first and second 
antenna portions, obtained when the second 
antenna portion is retracted in 1800MHz band; 
Rgs. 6a. 6b and 6c are illustrations showing 
another modification (top coil type) of the antenna 
shown in Rg. 1, in which Fig. 6a shows the case 
where the first and second antenria portions ar 
connected directly; Fig. 6b shows the case where 
the first and second antenna .portions are electri- 
cally coupled capacitively ancl/or inductively; and 
Rg. 6c shows the case where the first and second 
antenna portions are disconnected, electrically by 
an insulation substance; 

Rgs. 7a and 7b. are illustrations ishowing a second 
embodiment of the. antenna ..according to the 
present invention such that the. second antenna 
portion is cornpos^ erf first, and second antenna 
; ejerniants and opuj^ed to each p^ei^^ via an imped- 
ance element, in, which F^ig. . 7a^shows a ooncep- 
tional structure and the electrical length relationship 
between the first and second antenna portions; and 
Rg, 7b is a diagram showing a current distribution . 
obtained.when a total electricai.iength of both the 
first and second antenna elements* of the second 
antenna portion is one (Xh) wavelength of the sec- 
ond (high) frequency band, so thatlj^ current dis- 
tributf on is out, of phasie with, respect to each other 
in total'and ther^ canceled witti each other in the 
second frequency, band: 

Rg. 8a is a circuit diagram showing an impedance 
element (trap circuit) c(^^ of an inductor and 
a capacitor and connected between the first and 
second antenna,elements of the. second antenna 
portion; ... 
Fig. 8b is a cross-sectipnal yiew showing the same 
trap, obtained k)y winding a conductor around ari 
Insuiatincf substance; 

Rg. 9a is.a^circuit diagram showing another imped- 
ance element (phase shifter) ;!6omposed of an 
.Jnductor^and .a capacitbr arid, connected between 
. ttie f irst and ^secbnd ariterina ele^ of the sec- 
ond antenna portion; . 

Rg. 9b is an illustratiori sfK)wing the cun'ent distri- 
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bution of the phase shifter; 
Figs. 10a and 10b are illustrations showing various 
coupling methods between the first and second 
antenna portions, in which Fig. 10a shows the case 
wh re the first and second antenna portions are s 
coupled with each other capadtively and inductively 
arid Rg. 10b shows the case where the first and 
second antenna portH^ns are directly oonnected^^ 
eiach other: 

Rg. 1 0c is an illustration showing a cun^ent distribu- io 
tion of the first and second antenna portions shown 
in Rg. 10b; 

Rg. lOd is an illustration showing a current dtstribu- 
tion of the first antenna portion shown in Rg. 10b; 
Rg. lOe is an illustration showing a cun^ent distribu- is 
tion of the first antenna portion shown in Rg. 1 0b; 
Rgs. 1 la. 1 1b. 11c and 1 1d are illustrations show- 
ing various modifications of the first and second 
embodiments of the antenna according to the 
present invention to further reduce the size of the 20 
second antenna portion, in which Rg. 11a shows 
the case where the second antenna portion is 
formed by a series resonance circuit; Rg. lib 
shows the case where the first and second antenna 
elements of the second antenna portion are formed 2s 
by two series resonance drcuits: Rg. 11c shows 
the case where the first and second antenna por- 
tions are coupled with each other capacitively 
and/or inductively; and Rg. lid shows the case 
where the second antenna portion is formed as a 30 
single touch antenna; 

Figl 12a. 12b and 12c are illustrations for assist* 
' ance in explaining a problem caused when the total 
length of the antenna element of the antenna of the'^'- 
f irst embodiment shown in Rg. 1 becomes the eliec- 35 
irical length of about 3/4 wavelength of a frequency - 
band, in which Rg.':i2a shows the cancellation of • 
the cun-ent distributions when the antenna is folded 
in three; Rg: 12b shows the cancellation of the cur- 
rent distributions when the extended second 40 
antenna portion is directly Coimected to the first 
antenna portions; and Rg. 12c is a current distribu- 
tion buh/e obtained in the artfenna shown in Rg. ' 
'12b;- . • • 

Figs. 13a. 13b and 13c are illt^trations showing a 45 
third emtxxjimerit of the antenna according .to the ^ 
pres^iTt invention, in which Fig. 13a shows- an 
' antenna having the third antenna element piece 
extending in a direction perpendicular to the other 
antenna element pieces; Rg. 13b shows a gain pat- so ' 
terrf obtained by the arttenna shown in Rg. 13a: • • 
and Fig. 13c shows a modification of the antenna 
shown in Rg. 13a; 

'■ R^& '14a arid 14b are illustrations showing two ' 
rnbdifica£6ns of the antenna shown in Rg.* ^3af \^^' ss 
which Rg. r4a shows an antenna having the third ■ ' 
antenna elenient piec of crarik-shape extending in 
parallel to the otheir^aritehna' element pieces; and - 
Fig. 14b shows ari aritenna having the third - - 


• antenna element piece returned at a position far 
away from tine second antenna element piece; 
Rg. 15 is an illusti-ations shewing another modifica- 
tion of the antenna having a coupling returned por- 
tion coupled with second antenna portion; 
Rgs. 16a and 16b are partiy cross-sectional views 
showing another practical embodiment of ttie cou- 
pling method between the first and second antenna 
portions, in which Rg. 16a shows the two antenna 
portions when the second antenna is extended 
from tiie casing; and Rg. .16b shows the two 
antenna portions when the second antenna is 
retracted into the casing; * 

" Rgs. 17a. 17b. 17c and 17d are partly cross-sec- 
tional views and plane and perspective views, 
respectively showing a fourth embodiment cff the 
antenna according to the present invention, in 

- which Rgs. 17a and 17b show the two antenna por- 
tions when ttie second antenna portion is extended 
from tiie casing; and Rgs. 17c and 17d show the 
ring spring and tiie stopper botti used for tiie cou- 
pling method shown in Figs. 17a and 17b. respec* 
tively; 

Rgs. 18a and 18b show tiie same antenna shown 
in Figs. 17a and 17b. in which ttie second antenna 
portion is retracted into tiie casing; 
Rg. 19 is a partiy cross-sectional view showing a 
f iftti embodiment of tiie antenna according to ttie 
present invention, in which tiie antenna element 
and tiie metal fixture are formed integral with each 
other by die casting; ; i - . 

Rg: 20a is a cross-sectional view showing the 
same antenna shown in Rg. 19; Rg: 20b is a front 
view showing ttie same antenna; and-Rgs. 20c and 
20d are cross-sectional view taken along the lines 
B-B and C-C in Fig. 20a. respectively; 
Rgs. 21a and 21b are cross-sectional views show- 
ing a modification of the antenna shown in Fig. 19, 
in which Rg. 21a shows the rod antenna element 
retracted into the casing and Rg. 2Ta shows tiie 
same rod antenna element extended from the cas- 
ing; 

Rg. 22 is a partiy cross-sectional view showing a 
sixtti embodiment' of tiie antenna according to tiie 
present invention, in which tiie antenna (as shown 
in Rg.' 1) is formed on a circuit board housed in a 
radio apparatus; 

Rg. 23 is a partly cross-sectional view showing the 

same sixtti emtxxJiment of tiie antenna according 
' -to ttie present invefntion. in whichtthe antenna (as 

shown in Rg. 15) is fonned on a circuit board 

fK)used in a radio apparatus; and 
' Rg. 24 is a perspective view showing an example of 

ttie prior ah aritennia attached to a radio apparatus^ 


DETAILED DESC RIPTION OF THE PREFERRED 
EMBODIMENTS ^ 

' The anterifia according to the present invention will 
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be described hereinbelow with r ference to the 
attached drawings. 

(Rrst embodiment) 

A first embodiment (i a. a basic structure) of the 
antenna according to the present invention will b 
desaibed hereinbelow with reference to Fig. 1 . In Rg. 1 . 
an antenna element 1 is formed by a copper wire, a 
piano wire, a belt-shaped conductive plate or a long 
conductor (e.g., a thin film). One end of the antenna ele- 
ment 1 is connected to a feeder portion 3a of a connec- 
tor 3 via a casing 2 of. a. portable apparatus, and the 
feeder , portion 3a is connected to a transmit and/or 
receive circuit (not shown) through a code 4. As shown 
in Rg. 1 . the antenna of the present invention is charac- 
terized in that the antenna element 1 is returned at two 

' retum portions 1 a so as to extend substantially in paral* 
lei to each other along the longitudinal direction thereof. 

As already explained, the inventors have found that 
when the antenna element is returned so as to be sut>- 
stantiatiy parallel to each other along the longitudinal 
direction thereof, the antenna element can be reso- 
nated at frequency, bands even-number times (other 
hand the odd-number times) higher than a low fre- 
quency band. In more detail, when the antenna element 
1 formed so as to have a length of atx>ut 1 /4 wavelength 
of a frequency band f1 is formed with the retum portions 
1a as shown in Rg. 1. the electrical length does not 
much change for the frequency band f 1 and for the fre- 
quency bands odd-number times higher than the fre- 
quency, f 1 due to the capacttive: coupling between the 
two adjacent antenna element pieces and the relation- 
ship between the even propagation mode and odd prop- 
agation mode of the antenna element 1 ; however, the 
electrical length can be nmich adjusted fbr.the frequency 

. bands even-number (e.g.. two) times higher than the 
frequency .f1 and the frequency bands in the vicinlty.of 
the higher>frequency bands; by adjusting the number of 
returns and the intervals between :the two retumed 
antenna element pieces. 

With reference to Rg. 1. the basic construction of 

: the antenna according to the present invention will :be 
explained in further detail hereint>elow. The antenna 
element 1 is formed In such a way that the total lengthy 
(A-»-B+C ):(a and b are very short and thereby negiigi- 
bie)^obtained by extending the antenna iri the longitudi- 
nal direction becomes about (the same meaning as 
"substantially 0 1/4 wavelength of the first frequency 
band fl: (the lowest frequency band of the signals to be 
transmitted and received). In an example shown in Fig.. 

> 1 . two return portions la are formed in tiie antenna ele- 
ment 1 and thereby folded in three. The respective lon- 
gitudinal lengths A. B and C of the element pieces of the 
antenna element folded in three are roughly equal to 

' each, other, and the intervals a. and b between the two 
adjacent element pieces are so adjusted as to be reso- 
nated at. a frequency band f2 (=2f1) twice higher than 
the frequency band ft. Although the intervals a and b 


are roughly, the same in both, since this intervals are 
small as compared with the longitudinal length A. B and 
. C. these lengths are short enough to be disregarded. 
That is. the electrical length of the antenna element 

5 1 can be set to a length of about 3/4 wavelength of the 
frequency band f2 (s2fl) by adjusting the intervals a 
and b and the number of returns, without much chang- 
ing the electrical length for the frequency t>and f 1 . This 
may be due to the fact that the matching condition with 

10 the 1/4 wavelength of the frequency fl (e.g., 900MHz) 
arvl a frequency band odd-number times higher than f 1 
can be maintained without being subjected to the influ- 
ence of the returned portions of the antenna element: 
however, the electrical length of the frequency band 

95 even number times tiigher than f 1 or the frequency band 
in the vicinity of the higher frequency bands can be 
changed on the basis of the capacity between the two 
adfjacent antenna element pieces and the ctinrent direc- 
tion relationship between the even mode and the odd 

20 nrxxle. As a result, this antenna can transmit and receive 
the signals of the frequency bands both odd-number 
and even-number times higher than f 1 . Further, it is also 
possible to resonate the antenna at an intermediate fre- 
quency band other than the frequency even-number 

25 times higher; than ft by. adjusting the intervals between 
the antenna element pieces and the number of returns. 

As described above, since the antenna element is 
folded in three, when the antenna element is molded by 
a protective casing formed of a resin, the total external 

30 length L of the antenna can be r^uced down to akXHJt 
1/4 or 1/3 wavelength qf f 1^ with the result that the total 
length thereof can be reduced as short as akx)ut 3cm in 
the case of 900MHz frequency band. When the number 
of returns is. further increased, it is possible to further 

35 reduce the total length of the antenna. 

However, it is not preferable to increase the number 
of return portions la excessively, because. the capacity 
. between the two adjacent element pieces increases. 
Therefore^ the preferable number of returns is less than 

40'. ten. and more preferably 2 to 6 returns. Further, in par- 
ticular. :it is preferat)le that the number of the element 
pieces is an odd numt>er; that , is. the number of the 

. returned portions la is an ever^ number, because the 
, pdarizedwaye planecan beunifbmfialized. Further, it is 

45 preferable that the inten^als a and b between the two 
acljacent antenna element pieces is 1 to 5mm when f 1 is 
900MHz band. . . 

Further, the antenna element 1 can be formed by a 
wire (e.g.. copper wire, piano wire, etc.) or by a t>eft- 

50 shaped member (thin and broad) as shown in Rg. 1. 
Here. the. belt-shaped memt^er can. be formed by 
' punching a metaj plate br by etching.a thin film formed 
in accordance with vapor. deposHio the belt- 

. sh£V3«d member can be sinrrply.formed simply at an end 

55 of a printed circuit tx>ard. Further, the antenna element 
pieces can k)e fixed by mojding the entire antenna ele- 
ment after having been adji^ed. Here, even if the total 
physical length of the antenna element 1 (i ©-. A+B+C ) 
is substantially .1/2 wavelength of the frequency band f 1 
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(not substantially 1/4 wav length of f1). the antenna 
thus constructed can be resonated at a frequency band 
f1. Further, when a matching circuit is attached to the 
feeder portion, it is posslt>le to transmit and receive 
radio signals by use of the antenna. In this case, the 
electrical length thereof is adjusted at the return por- 
tions la so as to be one or 3/2 wavelength of a fre- 
quency band f2 twice higher than f 1 . 

Further, the antenna element 1 can be returned 
along the same direction on the same plane as shown in 
Fig. 1 . Without being limited thereto, the antenna ele- 
ment 1 can be returned in such a way that the third ele- 
ment piece (whose length is C in Fig. 1) is turned so as 
to be located on the front side of the paper in close vicin- 
ity and in parallel to the other element pieces in three 
dimensions. In summary, the essential point is that the 
direction in which the antenna element 1 is returned 
substantially in parallel to the longitudinal direction of 
the antenna element 1. 

As described above, since the antenna of the 
present invention is returned along the longitudinal 
direction thereof, as far as the longitudinal direction of 
the antenna element is kept constant in the polarized 
wave plane of electromagnetic w^es and further the 
electrical length thereof is so adjusted as to become the 
odd-number times of akx>ut ' 1/4 wavelength of the elec- 
tromagnetic waves, it is possible to'shorten the total 
external length L thereof, without reducing the antenna 
performance, even If any matching circuit is not 
attached thereto. 

• Here, in order to further shorten the total external 
length of th^ antenna element 1. the antenna can be 
formed into a zigzag or coil shiape. as shown in Figs. 2a, 
2b' arid 2c, respectively-^ to such an extent that the 
antenna performance does not deteriorate. In more 
detail, in tiie case shown in Rg. 2a. the antenna ele- 
ment 1 is formed returning tiie elehnent pieces each 
formed into a zigzag pattern in the Idrigitudinal direction 
of the antenna; and in the case shown in Fig. 2b, the 
antenna eiemerit 1 is formed by returning the element 
pieces each formed into a coiliBd pattern in the longitu- 
dinal direction of the dmennaV' FurtheiV- ih the case 
shown in Fig. 2c. tiie antenna elenrieht T is formed' by 
wirxJir^ each of the antenna element formed with the 
■return portionis as shown in Fig. 1 iritb a coil shape 
coarsely or loosely. In any of these examples, the total 
external antenna length can be shortened by forming a 
zigzag or coiled shape to such an extent as not to exert 
a harrriful influeiice upon the anterina radiation charac- 
teristicsf . . V . 

• Witii^ reference to FigsV 3ia and 3b and Rgs. 4a. 4b 
' and 4Ci the antenna of tine present invention will be 
diescribed in detail hereinbelow in' the form of a practical 
antenna; sui^el for use with a portable apparatus (e.g.; 
a portable telephone set). 

ngs:' 3a and 3b are crbss^^ view showing 
the practical antenna used for a portable telephone set. 
in which Rg. 3a shows tiie status where ttie antenna is 
extended fbr communications and Fig. 3b shows the 


status wh re tiie antenna is retracted for standby, in 
Ftgs. 3a and 3b. a first antenna portion 1 0 is always kept 
exposed externally from a casing of the portable appa- 
ratus to receive a call signal, and a second antenna por- 
5 tion 20 is extended from the casing of the portable 
. apparatus to increase the saisitiyity only during com- 
nminications. 

The first antenna portion 10 is composed of a cylin- 
drical t)obbin 1 1 (as shown in Rg. 4a) formed of RE (pol- 

10 yethylene) or POM (polyoxymetiiylene). and a first 
antenna element 12 (as shown in Fig. 4b) pressure fit- 
ted to the outer, circumference of the cylindrical bobbin 
1 1 by an elastto force of the material of the first antenna 
element 12. The first antenna element 12 is formed into 

IS a cylindrical shape by punching a plate spring formed of 
phosphor bronze or beryllium copper with the use of a 
press machine in such a way that the total lengtii 
tiiereof in the longitudinal direction, is substantially 1/4 
wavelengtti of SOOMHz frequency band, for instance. 

20 Further, one (lower) end 12a of the first antenna ele- 
ment 12 is fbmfied into a ring shape as shown in Fig. 4b. 
This end 12a of the first antenna element 12 is pressure 
fitted into an tmer circumference of a mounting fixture 
13 together with the bobbin 1 1 in such a way as to be 

25 connected to ttie mounting fixture 13 electrically, as 
shown tn Rg:^3a. The ottier (upper) end . of tiie first 
antenna element 1 2 is formed witii an projecting portion 
12b as shown in Rg; 4b; ttiis protecting portion 12b is 
engaged with a recessed portion formed on an (lower) 

30 end of the secorKJ antenna portion 20 as a locking 
spring in such a way as to be fixed and connected to the 
second antenna: portion 20 electrically. When devel- 
' oped as shown in Rg. 4c. the first antenna element 12 
• is formed witii seven element pieces and six returned 

35 portions 1 2c. However, the first antenna element i 2 can 
be formed with three element pieces and two returned 
portions as shown in Fig. l. Further, the mounting fix- 
ture 13 of the first antenna portion 10. is formed with a 
threaded portion 13a as shown lh:Flg: 3a engaged with 

40 a tiireaded portion (not shown) formed in the casing of 
tiie portable telephone set Furtiier, in Fig; 3a. a cover 
14^f6rmed 'df ABS (acrylic butadiene styrene), elas- 
' tomer. etc. is screwed with an upper tiireaded portion of 
ttie mounting fixture '13 to protect the first antenna eie- 

45^ mentl2. 

The second antenna portion 20 is used during com- 
munications after having been extended to the outside 
froni thexasing, which is formed by winding a piano 
wire or copper wire having sut3Stantiaily 1/2 wavelength 

50 of 900MHz band into a coil shapa Furtiier, the second 
antenna portion 20 is protected at the outer circumfer- 
ence tiriereof by a tube 22 ibrnied POM, elastomer, etc. 
in such a way as to be movable in the bobbin 1 1 of ttie 
/first aritenna portion'IO. Thei second antenna element 

55 ' 21 is fbrrned with d trap 25' at an intermediate portion 
ttiereof in ^uch a way ttiat the continuous total length 
ttiereof functions in 900MHz band and a lower half 
below ttie trap 25 functions in1800MHz band. Further, 
a stopper 23 fbnned of brass or PBS (phosphor bronze) 
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is.electricany connected to the lower end of the second electrical length of the second antenna portion 20 is X/2 
antenna element 21 at the lower end of the second thereof. On the other hand, in the case of 1800MHz, the 
- antenna portion 20 by a thread engagement with the . electrical length of the first antenna portion 10 is 3A/4: 
tut)6.22 of the second antenna portion 20. Further, a top and the electrical length of the second antenna portion 
24 formed of ABS. elastomer, etc. is saewed with the 5 20 is divided to xy2 t>y a trap 25 provided midway of the 
upper end of the second antenna portion 20 as a knob second antenna portion 20. Therefore, the second 
used when the second antenna portion 20 Is pulled out- antenna portion 20 can function as an antenna having 
side from the casing. This top 24 can be formed integral , about X/2 wavelength in the 1 800MHz band, 
with the tube 22 of the>second antenna portion 20 if in the example shown in Fig. 3a. the first and sec- 
c'®^!'^* 10 onri antenna portions 10 and 20 are connected to each 
Further, the stopper 23 is formed with a recessed other directly or electrically. Without being limited only 
. portion 23a in the outer circumference thereof in such a thereto, it is possible to connect both the first and sec* 
' - f - . . way as to be engaged with the projecting portion 12b of ond antenna portions 10 and 20 electrically on the t>asis 
the first antenna element 12 for electric contact there- of.capacitive or inductive coupling by arranging both the 
with; when the second antenna portion 20 is pulled out is antenna portions in close vicinity with respect to each 
of the casing. Therefore, when the second antenna por- other, without direct contact between both. In this case, 
tion 20 is extended, the first antenna elenient 12 is con- the stopper 23 is formed of an electrically insulating 
nected to the second antenna element 21 via the metal . material, without use of a metal, 
stopper 23, and thereby can function as an antenna Figs. 6a. 6b and 6c show an example of top coil 
having substantially 3/4 wavelength of the 900MHz 20 type, in which the first antenna portion 10 is loaded on 
band signals, so that the antenna can be resonated at the upper portion of the second antenna portion 20. In 
900MHz band signals to transmit and receive the sig- more detail, in the first antenna portion 10. an end of the 
nals. Further, since the first antenna portion 10 has an first antenna element 15 of the present invention in 
electrical length of sut>stantiaily 3/4 wavelength of the which the return portions are formed is connected to a 
1800MHz band signals, and further since the lower half 2$ metal fixture 16. Therefore, when the second antenna 
of the second antenna portion 20 below the trap 25 has portion 20 is retracted into the casing, the metal fixture 
an electrical length of substantially >1/2 wavelength 16isconnectedtothefeederportionof the casing. Fur- 
thereof, the antenna can be resonated at ISOOHMz ther. in the second antenna portion 20. a stopper 26 is 
band signal to transmit and receive the signals in the attached to one end of the second antenna element 25. 
same way. 30 Therefore, when the second antenna portion 20 Is 
' Further, the tqp 24 of the second antenna portion extended from the casing, thjs stopper. 26 is connected 
20 Is formed with a recessed portion 24a In the outer or- to the feeder portion of the casing. The length of the first 
cumference of the tower portion, thereof. Therefore. antenna element 15 is normally set to a substantially 
when the second antenna portion 20 is retracted and . 1/4 wavelength of , the first frequency band f1 (e.g., 
.thereby housed in the casing, since the top 24 is 35 900MHz). and ahe length of the second antenna ele- 
inserted into the upper, portion of the bobbin 11. the rifient 25 is> normally set to a sut>stantiatly 1/2 wave- 
recessed portion 24a of the top 24 is engaged with the length of the. first frequency band f1 (e.g., 900MHz). 
projecting portion 1 2b of the first antenna element 12. However, it is also possible to set the substantial length 
so that the top 24 can. be securely fixed to the bot)bin of the second antenna element 25 to a substantially 1/4 
w^ t.i V l l . Here.sincethetbp24iS:formedofa resinandthere^^ 40, wayelengtti of the first frequency band f^ 
.v v r fore insulated electrically, the second an^^^^^ portion . rnatching .circuit, on, the casing .side. Further, in th 
f 20 housed in the casing is perfectly isot^^^ example shown in Bg. 6a, the rrietal fixture 16 of the 
i fSnd thereby d As a ^ first antenna, pprtion is diredly -cphn^ to the 
-r. ^ . i .. result only the first antenna^aortion 10 can function as . ..upper ^ of the second antenna portion 20 electrically; 
ari antenna for receiving a call signal. Further, in a 45 . and intheexanripleshownin Fig.,6b.t^^ 
. region where the radio waves are suflicieritly strong, the of the first antenna portion 10 is fixed to the upper end 
. first amenna portion .1 P;can. of course recei of the second.antenna portion 2Qby use of an electri- 
. :^ "^^s not only for .a .call .agnal.b^ also for communjca- . caliy.insulatirig material 18. and cciupjed to each other 
nriivr -r Jions. - <. • : .^r : : r . eledrically oh the basis; of capacitive or inductw^ 
^ ^ •> V v;^ ..,.Figs. 5a and 5b show the . electrical lengths for so pllng. Further, in Figs. 6a and 6b. a top 17 formed of a 
, ^» v\ , 900MHz and 1800MHz. respectively obtained when the. resin,is attached to the first antenna elenent 15 for cov- 

f~ second antenra / eririg.it. . . 

' . : ^tions: and Figs. 5d and Mshow^ . , . Fig. (Sc is.a diagram showing an 'example of the 

;t;900MHz and 1800MHz. respectively / antenr^a accordirig to the present inyientio^^^ 

second antenna portion 20 is redacted and only the first 55 second antenna portion is also formed with tfie returned 

antenna portion 10 is used for standby., in which the portions. Further, in Fig. 6c; .although the first and sec* 

• v ; electrical length is dencned on . the ond antenna portions 10 and 20 are isolate 

.V i length of X. In the.case of 900MHz. the electrical length . other electrically by use of an insulating substance 18. it 

; ..of' the first arttenna portion IQ is,X/4 thereof; and the is of course possible to connect both the antenna por- 
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tions electrically by a mechanical direct contact 
between kxsth. Further.' when the first and second 
antenna portions 10 and 20 tx)th formed with the 
returned portions, respectively are perfectly separated 
electrically from each other, although the sizes of the 
first and'sebond antenna elements 15 arid 25 are the 
sarrie in both in the case shown in Rg. 6c. it is possible 
to reduce the number of returns of the second antenna 
element 25 and to increase the &ctemai dimension 
thereof. In this case, when the second antenna portions 
20 is pulled out of the casing, only the extended second 
antenna portion 20 can function as an antenna which 
can increase the sensitivity during communications, as 
conrpared with when only the first antenna portion 10 is 
' used. In this case, it is possible to transmit and receive 
radio signals in plural frequency bands, while reducing 
the antenna length. * 

Iri the case of the radio apparatis such as portable 
telephone sets, it is preferable that a multi-frequency 
band can be transmitted and received by use of a small- 
sized antenna. When tfie antenna according to the 
present invention as described above is used, it is pos- 
sible to obtain a small-sized radio apparatus, which is " 
convenient when the apparatus is being earned and 
which can transmit and receive multi-frequency bands. 
' In ottier words, in the r^io apparatus, the transmit and 
receive circuit is housed in the casing, and the antenna 
is connected to the transmit and receive circuit etectri- 
cally via a feeder portion disposed in the casing. There- 
fore, when the antenna according to the present 
invention as shown in Rgs: 3a to 6c is conhected to the 
casing as it is. it is possible to obtain a radio apparatus 
according to the present invention. Further, without 
being limited only to the aifitenna aS shown in Figs. 3a to 
6b, when the antenna as shown in Rg. 1 is used as the 
whole or a part of the antenna the radio apparatus. :r 
is possible to obtain a small-sized radio apparatti': 
which can transmit and i'eceive multi-frequency bands 
kt a high sensitivity. ' 

. As described atx>ve, in the antenna according to 
fhe present inventiori; since the antenna elanent of a 
long conductor is forrned by returning it So as to extend 
in parallel to the longitiiciihal direction thereof, it is pos- 
sible to shorten the total external pHysidil length of the 
antenna without deteriorating thia radiation characteris- ' 
tics of the antenna.^'' ' ' 

Further, since the airitenna can be resonated at the 
frequertcy bands even- or odd-tinies higher than a fre- 
quency band or in the vicinity of the hiigher frequency 
bands on the basis of the capacitive coupling and 
mutual function* of the adjacdrrt retuitTiiid antenna ele- 
ment pieces, it is possible to transmit arid receive multi- 
fr^uehcy band sigrials'by iisei of a sirigle antenna ele- 
ment, withbih cbhrietling ptuiBl antenna 
two or mdr^ fr^uency bands (dtifter *}^an the odd- 
hiimber frequency bands) via a trap or traps. 

Further, in the antenna suitable for lisb with a port- 
able apparatus according to the present invention, the 
size of the antenna for receiving only a call signal can 


be reduced markedly, without deteriorating the antenna 
performance. Further, when the antenna element is 
formed by a b It-shaped member, it is possible to obtain 
an antenna simpi in manufacturing process, small in 
5 size, and high in antenna characteristics. 

(Second emtxxJiment) 

A second embodiment of the antenna of the 
10 present invention suitable for use witfi a portable appa- 
ratus (e.g.. a portable telephone set) will be desaibeid in 
detail hereinbelow with reference to the attached draw- 
ings. Here, the antenna is composed of a first antenna 
F)ortion formed with the returned portions and a second 
IS antenna portion extended into contact with the first 
antenna portion electrically only during communica- 
tions. 

Rg. 7a is a conceptional view showing the structure 
of the antenna of the presem embodiment In Fig. 7a, 
20 the first antenna portion 10 is obtained by returning a 
long conductor in the longitudinal direction thereof in the 
same way as in Rg. 1 . Here, since the returned portions 
are forrhed in the first antenna portion 10. the total 
length thereof is such tiiat the electrical length thereof is 
25 substantially 1/4 wavelengtti (A^/4) of the first frequency 
band (e.g.. 900MHz) and further 3/4 wavelength (3X|./4) 
of tiie second frequency band (e.g.. 1800MHz twice 
higher than tife first frequency band). As a result the 
first antenna portion 10 can transmit and receive both 
30 the first and second frequency bands (about twice rela- 
tionship between both) and the odd-number frequency 
bands of each of these two frequency bartls. Further, in 
Fig. 7a. an end of the first antenna portion 10 is con- 
nected to a feeder portion 30. 
3$ Further, tiie second antenna portion 20 is housed in 
a casing (riot shown) when earned^ but extended from 
the casing and thereby connected electrically to tiie first 
antenna portion 10 to increase the sensitivity thereof 
during communications. 
40 In Fig. 7a, the second antenna portion 20 is com- 
^ ' posed of a first antenna element 121 havirtg an electri- 
cal length of sut>stantially 1^ wavelength (Xh/2) of the 
s^'nd frequency bard, a seopnd ant^^ 
' cbrinected to the first antenna' element 121 and having 
45 substantially 1/2 wavelength {KJ2) of the first frequency 
band in total together witti the first antenna element 
121; ahd an impedance element 123 for connecting 
' botii the antenna ielements 121 and 122 at an interme- 
diate portion tiiereof. In tiie second antenna portion 20 
so constructed as described above, the first antenna ele- 
ment 121 functions as an ?nitenria of eibout 1/2 wave- 
' lengtti (Xh/2) of the seoohd frequency band, and botti 
the first and second antenna elerrtents 121 and 122 
/ifunctibn as an antenna of at>out 1/2 wivelengtti {XJ2) of 
55 ' the first frequericy band, respectively, as shown in Rg. 
• '7a:' -- • ■ - - 

; Hier .when the first and secorid antenna elemerits 
1 21 and 1 22 are connected directly to each other, since 
' the electrical ^ lengths of both the first and second 
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' antenna elements 121 and v1 22 become one wave- 
length (Xh) of the second frequency band; as shown in 
Fig. 7b. the phase of the wavefomi is reversed and 
'thereby canceled with each other in total, so that the 
sensitivity thereof is reduced. To overcome this prob- 5 
lern. in the present embodiment the impedance ele- 
ment 123 is' connected between the two antenna 
elements 121 and 122 of the second antenna portion 

As shown in Fig. 8a, this impedance element 123 is 10 
a trap 123a constructed by a parallel resonance circuit 
^ for the second frequency band, which is composed of 
' an inductor .element having an inductance LI and a 
capacitor element having a capacitance CI. Therefore, 
since the impedance of the trap 123a is infinite for the - is 
. second frequency band, the second antenna element 
122 can be electrically separated from the first antenna 
element 121. sothatthe electridal length of only the first 
antenna element 121' becomes T/2 wavelength ((A44/2) 
of the second frequency band. Further, since the trap 20 
: 1 23 does not function as a parallel resonance circuit for' 
the first frequency band, the second antenna element - 
122 is not electrically separated from the first antenna 
element 121 . so that both the first and second antenna 
elements 121 and 122 can function as an antenna hav- 25 
ing 1/2 wavelength ((X(,/2) of the first frequency band. 
.'Further, this trap 123a can be formed by winding a coil 
133 around an insulating substance 132 (e.g.. polyeth- • 
yiene) which covers a conducta. 131 (e.g., copper), as 
shown in Fig; 8b. * * 30 

Fig. 9a shows another modification of the antenna 
of the second.embodlment. in which the impedance ele- 
ment 1 23 is used as a phase shifter 1 23b for shifting the 
phase, of the second, frequency band by 180 degrees. 
As indicated by an equivalent circuit shown in Rg. 9a. 35 
!the phase: shifter 123b is composed of an inductor ele- 
. ment having an inductance L2 and a capacitor element 
having a capacitance G2.:connected in parallel to each . 
other. The inductance L2 .arid the capacitance C2 of the 
. phase shiftervl23b are so adjusted that the electrical 4o 
length thereof is 1/2 wavelength of the second fre- 
quency band, whose operation is different from that of 
the trap 123a. That is. since the^ phase of the second 
frequency band signals is reversed; by the phase shifter .. . 
.123b. as shown by a current disfribution in Fig. 9b, the , 45 , 
same phase can.be obtained at the first and second, v 
antenna elements 121 and 122 in the case of the sec- : . 
ond frequency band. Therefore, both the first and sec- 
ond antenna elements 121 and 122 can function as an . 
. antenna also for the second frequency band, so that the so , 
. sensitivity of the antenna can^be increased markedly as. 
--.a whole., • -..••'••.;.v 

The first antenna portion 10, and 'the second - 
antenna portion 20 can be . coupled electrically k)y a / 
direct contact or by an indirect contact (capacitive or -'ss - 
inductive coupling) between one end (on the feeder por- 
tion side) off the second antenna portion 20 and the 
other end (the opposite skle of the feeder portion side) .v . 
of the first antenna portion 10. whenever the second. 


antenna portion 20 is extended from the casing. There- 
fore, when both the first and secorvi antenna portions 
10 and 20 are connected capadtively or inductively, 
since the cun^ent distritsution is reversed by 180 degrees 
at the coupling portion, the first antenna portion 10 hav- 
ing an electrical length of about 1/4. wavelength of the 
first frequency band and the second antenna portion 20 
having an electrical length of about 1/2 wavelength of 
the first frequency band are in phase with, each other 
and thereby the cunrent disfributions thereof can be 
sfrengthened each other, with the result that it is possi- 
ble to .obtain an excellent antenna of high radiation char- 
acteristics. 

> Oh the other hand, when the first antenna portion 
10 having an electrical length of about 1/4 wavelength of 
the frequency tDand and the second antenna portion 20 
having an electrical length of about 1/2 wavelength of 
the frequency band are connected to each other 
directly, since the phase thereof is not reversed at th 
junction point between both; that is. since the phase is 
reversed only at both the antenna portions, the sensitiv- 
ity is slightly reduced. With these problems in mind, the 
following modifications can provide a coupling structure 
of both the antenna portions haying a high coupling effi- 
ciency. 

Rrst when coupled capacitively or inductively, as 
shown in Fig. 10a. the first antenna portion 10 is formed 
with a coupling returned portion 1 12 at the electrical 
length portion of about 1 /4 wavelength (Xh/4) of the sec- 
ond frequency band. Further, the second antenna por- 
tion 20 is coupled to the first antenna portion 10 at the 
coupling returned portion 1.12 via a capacitance C3 for 
the/.second frequency band; and^ the second antenna 
portion* 20 is coupled to the first antenna portion 10 at 
an end of the total length (Xi/4) of the first frequency 
band via a capacitance C4 for the first frequency band. 
By the above-mentioned construction, it is possible to 
couple the first and second.antenna portions 10 and 20 
elecfricalty in phase with each ottier for both.the first and 
second frequency bands. In tiiis case, since both the 
current; distributions can be strengthened witii each 
other, it is possible to couple bqtti the first and second 
antenna portions 10 and 20 at a high efficiency. 

On the othjBr hand, as shown in Rg, 10b. when ttie 
first and second aritenna portions 10 and 20 are con- 
nected directiy. if the electrical length of the first antenna 
portion 10 is about 1/4 wavelength of tiie high frequency 
bard, since the phase is. reversed, the sensitivity is 
reduced. On the ottier hand, if tiie electrical lengtti of 
ttie first antenna portion 10 is about 3/4 vyavelength of 
ttie high frequency band, as indicated by.ttie current dis- 
tribution curve shown in:Fig. 10c. since ttie phase of ttie 
current distrik>ution at ttie electrical length of 2/4 wave- 
length (2X.h/4) of the first antenna portion. 10 and ttie 
phase of, ttie current disfribution at the ^jefctrical length 
of li^.wavelengtti (X^) of the second antenna portion 
10 are reversed and tihtereby canceled with each ottier. 
tti - antenna cannot function as a coupling antenna. 
Therefore, in the case of the direct connection between 
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the'two antenna poiltons . 10. arx^ betormedforthesecondfrequency band* since the cur- 

•ahtenha portions 10 and 20 are connected as they are. * rents passing through the electrical length portions of 

' • the coupled antennia cannot function for the two fre- • 2/4 wavelength of the second frequency band can be 

quency bands and' further the sensitivity thereof canceled with each other (the current directions are 

' decreases forgone frequency band.' Ho^ s reversed at the large current portions), the components 

V first aMenhapo^^^ thereof are almost lost. However, in the first frequency 

' ' ' ' electriciEd length thereof is iabout 3/4 wavelength, and band, since the current directions are not reversed at 

further when the retufnki portions are formed In the first the same current value and further since the large cur- 

' antenna portion 10 in such a way that the electrical rent portions are not canceled with each other on the 

length -portion of 2/4 wavelength serves as a phase io ,<feeder'portion (30) side, this antenna can function.as an 

' shrfterM. it Is possible to improve the antenna charac- antenna even if returned. 

teristics. In more detail, as indicated by two current dis- Figs. 11a to lid show still the other modifications of 

tributionsl1andl2showninRg.l0d.whentheretumed - the antenna of this embodiment by which the total 

. t , portions are formed in.such a way that the current dlslri- antenna length can be shortened even when the sec- 

butlbn directions.can be rever8ed'(as shown by hatched is ond antenna portion 20 is extended from the casing and 

. Iines)'by opposing the two portions at which the magni- jn addition the second antenna portion can be extended 

tudes of the cunrents passing through the lines of the 2/4 . , and retracted by a single touch. In more detail, in the 

wavelength portions of the first antenna portion 10 are antennas shown in Figs, 11a to lid. the second 

: the same with-respect to each other, since the currents antenna portion 20 is formed by a series resonance cir- 

. . at the 2/4 wavelength portions are canceled with each 20 . cult 129 of a closed loop composed of an inductor ele- 

• other, it is possible to form only a phase shifter. As a ment 125 and a capacitor element 126. InRgs. Ilaand 
- ■ result;:even if the first and second antenna portions 10- lib. the first antenna portion 10 is of returned antenna 

^ and 20 are directly ;connected to each other, it is possi- as shown In Rg. 1 . Further. Rg. 1 1 a shows an example 

We'tp allow the electrical length portion of about 1/4 of the antenna for transmitting and receiving the first fre- 

wavelength of the first antenna portion 10 to be in phase 25 quency band and the other frequency bands odd- 

. length'portion of about 1/2 wave- number times higher than the first frequency band. On 

length of the second antenna portion 20. as ishown In the other hand. Fig. lib shows an example of the 

te - / Fig.^vioe. so that it is possible to couple the two antenna antenna, for transmitting and receiving the first fre- 

■*ir . > pbrtionsilO and 20 at a high coupling efficiency. There- quency band "and the other frequericy bands even- 

• fbre,^ when the first and second antenna portions 10 and 30 number times higher than the first frequency band. 

20 are directly connected as an antenna fbr transmitting In^ Rg. 11a. the total electrical length of the first 

ahdvreceiving the high frequency band, it is preferable antenna portion lO is substantially 1/4 wavelength of 

vw thatthereturned portions are formed in sucha way that thefirstfrequency band. On the other hand, thesecond 

ihe electrical length of the first antenna portion 10 is set anterma portion 20 is'a series resonance circuit 129 of 

:r '= r to about 3/4 wavelength of the frequency band and fur- 55 a closed loop composed of the inductor element 125 

: * ' • • • ther that the electrical length portions of 2/4 wavelength having an inductance L5 and the capacitor element 126 

' ^ ^ -can be canceled with each other. Further, in Figs. 10c having a capacitance 05 (L5 and 05 are so determined 

v'^: ^ and lOe, R, S, and T indicate the positions designated as to be series-resonated-at the first frequency t>and). 

. ri it : by R, S and'T of the first antenna portion 10 shown in Therefore, as shown by Fig. 1 1Cjisince the first antenna 

or t nr j^? Rg. ioi>: . . : : . a' ; . v , • 40 portion 10 is resonated at the electrical te^ 

i^;??>: ' • On*tfie Other hana^ ' stantially 1/4 wavelength .(>y4); of the first frequency 

pr/c : : > ling ^ arkl rweiving two friet^ency bands Is formed by ^ - bandr the current is maximized on the feeder portion 

'directly; connecting the first and second antenna pbr- - ' (30) side: Oh the other hand, since the second antenna 

a;:: r^;:? tions 10 and 20, the-retiirned pbrtions are formed in portibn-'20 is series resonated in the first frequency 

^ such a way that the total length'therepf cbrresf^ band, the maximum transmitted and rieceived current 

.^pif * ' the'elecfrical lengtfi of about 1/4 wavelength of the first ftows therethrough. Therefore, when the first and sec* 

: : frequency band and to the electric^i length of about 3/4 ond antenna portions 10 and 20 are coupled capaci- 

' ' wavelerigth of the second frequency band and further tively or inductively, a high sensitivity can be obtained in 

• * •' '-that the e^ txrthtrarismission and reception. 

be dahceled with each other. In this case, the coupling' so In.Rg. lib. the first antenna portion 10 is formed 

' f • " ' ' ^'eff idahdy-^^of this antenna is high in the second fre- with the returned portions in such a way that the first fre^ 

V"' '^quehcy^^^ quency band of 900MHz and the second frequency 

-^r vviv . .V since there e»cists a small phasediffe^^ b^ of 1800MHz can be transmitted and received at 

first and second antenna portions 10 and 20 in the first /the same time. Further, the second antenna portion 20 

frequency barxl. although the sensitivity is slightly low- 55 Vis niade up of a firsl series resonance circuit 127 of a 

' > ered. tfiis' antenna can be iised for the first frequency closed loop competed of an inductor element having an 

'-'■''^^ ^ band (because not canceled perfectly). In this case, " inductance L6 and a capacitor element having a capac- 

' wheri the first antenna poirtibn 10 is formed with the itance 06 (L6 and 06 are so determined as to be series- 

' ^ ^ returned portions in such a way that a phase shifter can resonated in the first frequency k>and).' and a second 
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: . i:serl^ resonance circuit 128 of a closed loop conposed other via a trap or a phase shifter for prevention of can- 

\y> of an inductor element having an inductance L7 and a cellation in the twice Ngher frequency k)ands. it is possi- 

: ' ^ capacitor element having a capacitance C7 (L7 and G7 . t5le to transmit and receive the frequency band signals 

- ;r'> ' are so determined as to be series-resonated in the sec- . of 6ven-numt>er times relationship at a high sensitivity 

-'.^ • : Aiohd^^^^^fr^ Further, since the second antenna portion is 

: . rr ^ series-resonance drquits 127 ^and 128 are coupled with .formed by a serieis resonance circuit, the size of the 

■^h ; i : r ^ V each dther^capacitively or inductiyely In this case, it is second antenna can be reduced niarkedly so that the 

^ r preferable to provide the first^s resonance circuit ^second antenna portion can be extended or retracted 

1 vi127 seriesjreso«!ated in .the first (lower) frequency band from and into the casing simply k)y use of a button, that 

r in the vidnity pf^^ This, is to is, by .a single touch operation. Further, the second 

.1 i. because >sincevthe capacitance .G6 can be increased. antenna portion can t>e shortened markedly it is possi- 

and thereby the iinrpedance can be r^^ ble to. obtain a sn^ll-sized anterma. which is not 

vr v; V .o"^.*reguericy band. ,t^^ series resonance dr- obstructive even if the second antenna is kept fixed to 

cujt 128. canf.be easily coupled with the first antenna the casing as it is in the extended stata 
■ ..-s .pofJion.lOv -J... ^ r ■■.;.-»5 

ThOiiabove^mentioned series resonance circuits (Third embodiment) 
ic : . vl27 to 129.can*e constructed by w 

V ^ :/an insulation substance (e.g;,:poiyethylene) for covering . Prtor to the desaiption of the third ernbodiment. a 

a conductor; (eg;, copper .wire), as >alr€^ problem related to the antenna according to the present 

,^withi reference io Fig. 8b. Therefore; the total length of 20 invention will be explained hereinbelow with reference 
V the second artenna portion 20 can be reduced as short 

astabout 9nfmi?^Thi8 lengthMS very short as compared - . VVhen the antenna , is formed as a three-feWed 

with; the coiled second antenna portion longer than : antenna element, as indicated by current distributions 

. , SOmrn (as shown in. Figs.: 7a to lOe). As a result.« as 11, 12 and 13 as shown in Rg. 12a, since the magnitudes 

; - . shown in Fig. tldijhe; second anten^^ can . 25 , of the current distributions 12 and 13 are the same in 

- J r : . be slidably inserted into the cyliridrical first antenna por-r. ^ both but the directions thereof are opposite to each 

- ^ :i i ition; 10 in such a way that the second antenna portion other at the electrical jength portions of 2/4 wavelength 

; 20. can.be extended or retracted from and into the cas- in 3/4 wavelength (Xh) of the second frequency band, 

: : .0 .;vvv, ing;i?y:a single han^^ use of a button, for the twocurrertdistritujtions 12 and I3,are canceled with 

h .IV instanca lnihis case, the first antenna portion 10 is so each other (at the portions hatched in Fig. 12a), th re 

T. : : ; formed by;ayC^^ arises a problem in that the cun-ent cpmponents ar 

-V u,.; ,:,,- shaped a^ an outer dr- . reduced. Further, as shown in Fig. 12b, when the sec- 

j: . . r ! ricunrferencet^qf th^ insulatingsubstance. and the second, ...... ov6 antenna portion 20 is extended during communica- 

I . : antenna poilipn . 20 istfbm^ .tions arxl connected to the first art^ 10 

:i ? resonance drcuit protected by a resin therearound. Fur- . , .35 . electrically, as inclicated by the respective current distri- 

; I ^ther; siriGe being very short, even if the second antenna • butions II. I4and I? shown in Fig. 12 c. since the cunrent 

» :r;r. v=pprtion:20 iSjfixed in^ distribution 14 of the electrical, length, portion of 2/4 

m: ^ pprton. (without extending a^ wavelength of the first antenna portion 10 is out of 

the casing), this antenna- js short enough not to be . phase . with the curre^^ electrical 

i: i r;- r^;obstructiye.Tlnjth|sxa^ the reception sensitivity to a ,^ 4p length portion qf^ 1/2 wavelength of the S(^ antenna 

^ vcallj signal; can be inpnovedi an^ transmis- ^ portion 20, Ithe tWp curreni distribi^ and 15 are 

.ic j^ .'^rrs siof! arxJ receptton wn-jDe ma^e sensitivity is | 
: r ; ^^^^^ 't . ' • reduced. Further, R. S aixi J showh Rg- 12c desig- 

1 rk ; /^s described aboy^^ in. the antenna according Jp \ . nate the positions denoted by R, S and T of the first 

.;v. tc/ the present .embpdim^^ the returned antenna is 45. antenna portion shown in Fig. 12lp. ;FurthjBr, the refer- . i 

•r.^ >';.^? 5:fus,ed.fpr:.thefir^ ence numeral 30 in IFig. 12b In 

; r :.,'r:tO^^^^ this third entbodfimeri^^ of th | 

^vk ; -H^^^ receive a calLsignal by the ^. returned antenna is irnprcfved to oveircbme the above- 

.;. ^vw'^^^^^^^^ mentioned problem. - . . ' I 

<?sensi.tiyity;ftpg^her. with the -second ^antenna portion ,,50 Figs. 13a. 13b jand lSc.show tine ^tf^^ embodiment ; 

:-^rfH ?r.'i^duririg^ • \ r, • . . of the returned antenria aiCTO^^^^ i 

f ! iss .t^r;^i?:'ts.'«5F?urttier,^ the first.am is formed^ . [■ -.c. tion, virtiich aui, prevent the current distributwns at the | 

•^f c >: e ,Vr'With frie returiie^^^ in such a way two frequency , yc 2IA wavelengtih portions from being canceled with each j 

^ irt^^cv. t^^ can be tnansr other, (l>ecause the currerrt miagnitixje^ are the same 1 

t CcM^,' v.- / ,n^^^ 55 and the current dreciions are opposite to each othw^ j 

V. < •:r> > l>e:.coup^ :«tbetw ,\adiacef!t antenna elernei^^^^ \ 

M> V ovia;aRhaseshHte^^ . antenna.is fbrmed W as to fransm^ receive twice | 

- ' -'.i;) '.;Ln:Jn^ frequency band Signals. . , 

■ )v*-M :cof the. secqrKJi antenna portion. are, connected to each . ^ Jn.Fig, 13a, the anterina element 1 iscomposed of | 
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first tt>third etehneirts 211. 212 and 213. and further the . ' thin film fomied in accordance with vapor deposition, 

third elemerit 213 is turned i Further thes antenna elements are not necessarily 

lar to ttiefirst and second elements 2i1 and 212, with- formed into a plane shape. For instance, the antenna 

but retufhihg the third ^^emefit 213 substantially in elements can be formed into a ring shape as a whole on 

parallel'td the first and sedD^ s ' the outer circumference surface of a cylindrical insulat* 

ihe secdhd reiturned portion S. Therefore, the antenna ' ing m^nber. In this structure, since the second antenna 

' * Is fonrieid in such a wa^ lectrical length is portion can be extended and retracted from and Into a 

about 1/4 wd^elehgth-of the f^ central hollow portion formed in the cylindrical first 

and'the first irehimed pdrtidri;R< between the first arid- antenna portion; it is possible to further reduce the size 
^ second eleniai^^ to "of the antenna for a portable apparatus such that the 

' ' thkf the aritenha can't>e resonated at about 3/4 wave- second antenna is extended from the casing thereof 

length of thia second frequency band a^ • only during communications. 

' * - than the first frk^uericy band; Fijrthw^ elem^ ^ Rrst and isecond modifications of the third embodi- 

213 is extended in subh a direction that the second ment will be described hereinbelow with reference to 

returned (turned) portion S does not function mutually is Figs. 14a and 14b. When there exists no space to 

with the first and second elements 21 1 and 212; In other - extend the third element 213 in a direction perpendicu- 
words, the first antenna element 211 of the antenna (Ble- - • lar to the first and second elements 211 and 212 as 
-V'"®"*.^ fbrrned with tw« relumed portions S and R is sOs^ ''. shown in Fig. 13a. the ariteriha is constructed in such a 

"- forniikl that the ele^^ length thereof Is about 1/4 : way that the resonant current of only the third element 

" ' ' wavelength of the second frequency biand; the second y 20 213 can be canceled, without canceling the resonant 

element 21 2 is also so returned that the electrical length current of the second element 212:That is. as shown in 

' Z ^^^f^ '^^^^^ 1/4^wavelength thereof; and the third Rg. i4a. the third element 213 extending as a whole in 

■ element 213 is alsd^ tumlsd thai the electrical length a diriection parallel to the longitudinal direction of both 

' thereof is atout 1/4 wavelength thereof, with the result the first and second elements 211 and 212 is formed 

ihat the antenna element 1 can be r^ 25 with a piuriality of srnall returned portions 213a of aank 

€iiedri^^^^ " shape extending in a direction perpendicular to the lon- 

. -Z*^!?^*:*^^!^ ^ gitudinal direction of both the first and second elements 
\' J^^:!^^^^ cun^erit directions of ttie first arid •"211 arid 212. Since the small returned portions 213a of 

' iewKl elements 211 and^2 the same (as shown ' * crank shape are formed; the current distributions of the 

3 b£iwd^^^ 30 same degree can be reversed and therelDy canceled 

,^^b|rtions represientoi in the same direction ^ with each other by these returned portions 1 13a. As a 

[ \ ^ W'shw^ RgV i3a. therefore; the gain pattern is * result since the cunerit components can be canceled at 

' ;'s^^^ direciibn. • • * b% the third element 213. only the cunent components 

' '^ ^^^^^ • of both the first and second elements 211 and 212 

' thii^ e^^^ 35 remain and further strenlgthened. so that the transmis- 

"^V JL9)He^fifs^^ secdhd elements 21 1 aif^ 212. the gain sion and reception sensitivity can be improved. Further. 

/piatteVfi^^^ thereof is represented on both* sides in the as already explained, the first and second elements 21 1 

. . ~. . wr^caj*a^^ botfi We'giain patterns ' and 212 can be each formed into 'a zigzag shape, as 

^ V. shown in Rg. 13c. ' 
' - /V t, V^^^ ahtenna'can be- us^^^ ah ' ^d ^ Rg. 14b shows a second mbdification; in which an 

' J '^v9^^ In summary, in this end-of the-third^elatie^ 213 is extended in the same 
/ V„'^antem the second and third' • ^ ^ direction as-that of the second-element 212. This modi- 

.,tr , . Z elernertS*2;^^^^ ficationindicates that as far as the third element 213 is 

r V,.^ celih^^vinth' e^ not plarallel to the second element 212; 

; tion perpe^^ P cari' be increased, iivith is that is. both the elements 212 and 123 are not coupled 

^ * ' ihe^ with each othercapacitively or inductively, the third ele- 

J 'al^e fbr^ . ment 213 can be extended in the saitie direction as that 

^ . ' * ' *■ in the eWibodimerit showri In Fi0r13a,^although the ' of the second element 212. The distance between the 

first and second 212 are ^ ' second arid thiid elements is about' 1/8 wavelength or 

• J . r r i^'^ ? ! ^®5i*^?'®*y» when" the "'50 loriger: In this modificatibn. the space in the horizontal 
... ^.i 1. . . ^^^Int'^v^ be r|^uc«j. it is possible direction can be reduced as compared with that shown 

* in Fig.' 13a, arid'fiilKw can be 
. Vlfoff^^^^^ extent that a ^ connected to ^^^^ 

/harmfUM^^ ^ ' ^ Rg. I&shbw^ a third rrM 

; acfeWsticsJ^^^ ; ' ^ ' \ ' , * ss suitable for ^'portable telejijihorid.' by which the second 

J V. ! Furtfier^fte a^ " antenna pdrtibri 20 is extended from the casing and 

' Wmed by a wire (e!g.. copper wire, piano wire, etc^) or ^ . then coriheded to thid first ar^^ 

. . by punching a metal plate (e.g. , copper) or by a belt- ing only a call sighal electrically during communications 

shaped' element (thill arid broad) fbrnied by etching a * * and which can transmit ahd receive two or more fre- 
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' quency bands of twice relationship by usorof a signal 
antenna at a high sensitivity. • , 

In Fig. 15; the total length of the antenna element 1 
(the first antenna portion 10) is formed so as to corre* 
spond to the electrical length of substantially 1/4 wave- 
length of the <first (lower) frequency band: the first, 
element 21 1 is formed so as correspond to the electrical 
length of substantially 1/4 wavelength of: the second 
(higher) frequency^band; and the first element 211 is 
formed with a coupling returned portion 211a on an end 
thereof on the vOpposite;side to the feeder portion (30) 
side. This coupling returned portion 211a is formed so 
that a part thereof^projeds from the amenna element to 
Increase an area thereof and thereby to teiiitate the 
coupling with .the second antenna; portion 20. In the 
case where the second frequency band is 1 800MHz, for 
instance, the line width of this returned portion 21 la is 

. 0:7 to 1mm (the same as that of the antenna element J ); 
the lengtii L thereof is about 5mm; and ttie distance HI 
to tine second>r.antenna portion 20 israbout 2mm. The 

' lengths and the number of the returned portions of the 
other, elements 215 are. determined in such a way that 
the total lengtii together with the first element 21 1 is an 
electrical lengtii of substantially 1/4 wavelength of the 
first frequency band. Furtiier..an;.end portion 1e of tiie 

:other.elenfients 2l5iof the antenna element 1 is formed 

V a sufficient distance away electriqaliy from tiie coupling 
returned portion 211a so as not to be coupled with ttie 
second antenria portion 20 electrically in tiie secondare* 

' quency.band.;Jn more deteul. a niaxira voltage of.fV 
is developed at the coupling rieturned portion 21 1 a. of 

.f.the first antenna element 1 and a nTiranium,,voltage of^, 

r V is deve[oped::at the eryj portion laof ttie other el€h 
ments 215 Jn.ttie seoonid' frequency 1^ Therefore, 
when the distance between th^^^^ retunried por- 

tion 211a and the end portion lep element 
215 is closeto each ottierrSjnce bpth are coupled rmitu- 
alty .witti each other^the voltage dey^^ at tiie 
first arttennaportjon'^lp c^^^ a volt- 

^age -V developed at an ^end 0^^ the second antenna por- 

etionj20. ;:ppr -this, reason, the\coupling^r^tu portion 

;211a of the first;^ement;2 is loc£rte(j|inj^^ vicinity. 

^to the^^secpnd a^^ 

/^nd pprtionrl e of ttie other^eleme^^^^ the case of 
-rthe dimensions as explained wheri. ttie; second fre- 
^.qMency .t)and is 1800MHz barxl,- the dis- 

; tancei H between <tt^^^^^ 20 and 

Jf}e end portion^ e is deterrjiiried gytxiut 1 Qrnm, 

''''rF»g: |5a shows which ttie 

; seccNnd antenna portion 20 is.cocterKied frogi the casing 
. and Frig. 16b shows the pi^^ in which the 

second £uitenna portion 20 is relraded into, ttie casing. 
In Fig. 1 6a,;the first antenna portion 10 is formed by fixr 
-:ing £vi antenna element of a plate prito the outer 
.ciran[T^renti8J;Suit^ of a cylindrical core (or bobbin) 
.11 of an insfuiating. substance (e.g.. PE. PC. PTFE. 
.etc.). Furttieiyittie se^^ is slidably 

moved along the central portion of< ttie cylindrical core 
. 11 in such, a way as.to.b .extendable arid retractable 


from and to the casing. Therefore, since both ttie cou- 
pling returned portion 211a and the end portion 1e of 
. ttie antenna element 1 shown in Fig. 15 are located on 
, .ttie outer circumferential surface of the core 1 1 . t)oth ttie 

5 .coupling returned portion 211a and ttie end portion le 
are txrth equidistance away from the second antenna 
^ portion 20 disposed in ttie upper central portion of ttie 
core 11 in the radial direction of ttie core 1 1 . Therefore, 
in order to adjust the coupling between ttie first and sec- 

10 ond ant^na portions 10 and 20. ttie height of the sec- 
ond antenna portion 20 relative to ttie core 11 is 
adjusted. Further, as shown in Fig. 15. since ttie end 
portion 1 e of the ant^ria element 1 is determined lower 
ttian ttie coupling returned portion 211a, ttie coupling 

15 strengtti at the end portion 1 e is weaker ttian that at ttie 
. coujdiing returried portion 21 l a, so that the first and sec- 
, ond anterina portions 10 and 20 can be coupled witti 
each other at only the coupling returned portion 211a 
for ttie second frequeriby band. On ttie other hand, in 

20 ttie case of ttie first frequency band, the maximum volt- 
age W is developed at only the end portion le of ttie 
antenria element 1 and easily coupled with ttie mini- 
mum voltage of -V developed at tiie end portion of ttie 
second, antenna portion 20. without causing any prot>- 

25 lem even if the end pprtion 1 e is a short distance away 
from the end portion of the second antenna portion 20. 
Furttier. in Rigs. 16a arid 16b. ttie reference numeral 13 
denotes a metal fixture of the firist antenna portion 10; 
14 denotes a cap formed of ABS (acrylic butadiene sty- 

30 rene). el^stonier. eto. and saewed witti ttie upper 
ttireaded portion of ttie metal fixture 13 to protect ttie 
antenria element l i Further. 215 denotes a ring spring 
attached to the upper circumference of the core 1 1 and 
engaged with a notch 23a of a joint portion 23 formed at 

35 the lower pprtion of ttie second antenna portion 20. 
which; is used as fixing means when the second 
antenna portion 20 is extended. Further. 21b denotes 
ttie first antenna element of the second antenna portion 
20 having an electrical lengtti of about 1/2 wavelength of 

40 ttie second frequency barid; 21a denotes ttie second 
antenna elemerit of ttie second antenna portion 20 hav- 
ing an ejddrical lengtii of about 1/2 wavelength of ttie 
first freciuericy band and bohnected to ttie first antenna 
elerrient 21b via a trap 25; ^3 denotes a tube formed of 

45 . a syrithetic r^in to protect tifiese elements; 24 denotes 
a top.serving as a knob when ttie secbhd antenna por- 
tion 20 is extended; 'arid 227 denoted a stopper for stop- 
ping tiie extended second antenna portion 20. 
. . Iri the structure of. tiie ariterinaas'shoim in Rg. 15. 

50 the antenna can be small-sized |n such a way that ttie 
first antenna portion 10 is used for receiving a call signal 
, and the first antenna pprtion 10 and the extended sec- 
, : ond antenna portion 2d are used during communica- 

./ .tions. Here, the extended second antenna portion 20 is 

155 electrically poupled 'with the. end portion le of ttie 
|Gunenna\ elemer^t 1 for ttie first frequency band and 
serves as a 1/4 waveforrii anterina. and electrically cou- 
pled with\ttie coupling returned portion 211a of the 
antenna element. 1 for the second frequency t>and and 
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serves as a 1/4 Waveform antenna (by only the first ele^ ah outer circumferential surface of a cylindrical core 1 1 

nient 21 1 j. As a result, the first antenna portion 10 oper- fonned f polyacetal: Further, th antenna element is 

ates as a 1/4 waveform antenna for both the first and - formed in such a way that the electrical length thereof is 

second frequency band signals in cooperation with the about 1/4 wavelength of the frequency band required to 

second antenna portion 20 fbmned as a 1/2 wavelength 5- be transnrvtted and received. A metal fixture 13 for fixing 

antenna, so that the antenna of the presefht embbdi-' the antenna to a casing 2 Is provided at the lower end 

ment can operate as ah antehna of high' sensitivity for portion of the cylindrical core 11. A ring spring 315 as 
both the first and second frequency bands, without any - > t shown in Fig: 1 7c is attached to the upper end portion of 

c^mceliation. > . . : - the cylindrical core I t 

/Vs desaibed above, in tfie antertna of the third 10 ther held by a cap' 14 from above. The cap 14 not only 

embodiment, when the external dimensions of the ' holds the ring spring 315 but also protects the antehna 

antenna fbrmed with the returned portions tf^ elemeiit disposed^on theJnner surface of the core 11. 

since the antenna element is so termed'Aat the iif2 Further, the cap 14 Is fixed^o the metal fixture 13 at the 

wavelength electrical lesigth pbrlibns of tfie antehna endportionthereof: As shown in Figs. 17b and 18b. the 
which serves as a ^4 wavelength antenna are hot can- ' is cylindrical core l 1 is formed with a smail<iiameter slid- 

celed with each other, it is ^nsmit and ^ »nfl portion 11a and a largerdiameter through portion 

receive signals at a high sienisitivity^ • • lib in an inner surface thereof. The sliding portion 11a 

an antenna of 3/4 wavelength; As a result; it is possible 0* core 11 is sKdaWy' fitted to a large<liameter por- 

to obtain an antennai which can transrnit and i'eceive tion (i:e.. a top portion 24a) of the top 24 when the 

two. or liwre frequency ^ io antenna is retracted (as shown in Fig. 18b) but to a joint 

single ariterma al a high sensitivity "portion 326 of the secondarrtenna portion 20 when the 

Further, when the first antenna f5ortiori is coupled antenna is? extended as shown (in Fig. 17b). Further, 

with the second antenna portiori ^ectricaliy^^ increase this sliding portion 11a of the core 11 stops a stopper 

the sen^tivity during cornnriuhicartions. since the 327 as shown in Fig. 17d attached to the lower end of 

antenria eiemert of the first ahtehTO^^ the joint portion 326. 

with, the couji)iing returned poiftioh dt'^the electrical ' Further, the inner diameter of the through portion 

lehgth.portipn of about 1/4 wavelehg^ of jihe second lib of the core 11 is large enough to freely pass the 

frequency barid in such a way ^^^^^ stopper 327 therethrough. However, when the core 
portion is used for the seiroifi^ fi^^^ band and th'e;^ ' 'antenna element is hot formed in contact with the core 

end portion of the antehria element of th^ first antenna - 30 11. or when the core antenna element can be formed 

portion is used for the first frequen^ withih the axial length of the sliding portion 11a (even if 

to transmit and receive both the frequency band signals formed) , the through portibn lib can be omitted. In this 

it a , high sensitivity without can,^^ ^hy ' structure, the stopper 327 is brought into contact with 

loss ih each 6f the two fr^^ ' the'end of the siding portiori1la<or^ 

smaH-sized antenna suitaWe for use with^ pbrtat)le 35 " ^ shown in Rgs. 17b and 18b. in the click structure 

telephone, set can be obtainiki for t^^ more fre- of the second antenna portion 20 to the core 11, the ring 

quehcy bands of twice relationship: ' ' spring 315 is engaged vinth a notch (recessed) portion 

, '^i..^, .\'/y^J.,A.[ ; '326a formed at the large<Jiameterjoirtporti*o^ 

(Fourth embodiment) [ '^'..^''^y,^^ '' the second arte^^ 20: In more detail, as 

t - \ , '"^^0 ' shbwh in'R^ 17c. the ring spring 215 is formed with an 

A fourth eni^ anally split portion and fonned of a resin (e.g.. polya- 

■ the f^eseht ihvehtion wili|i|B descrto vvitfi ^^biet&Qrwhich Is held c6aixi£dly with the core 1 1 . The inner 

reference! to the attachW ' ' diametw of the ring spring 315 is slightiy smaller than 

. eml)odiment resides in ia click.4tfuc^ antehha, " ^ tiie oiiter diameter^of the joint portion 326 and the top 

"which J,s suitable for u^^^^ '4S portion '24a. but larger than the outer diameter of ttie 

In iFtgSo17a.to 17d arid Rgs. lia tb^t^^ antenna is second antenna portion 20 (except tiie large^iameter 

.coniposed of.l^^ antenna portion 10 for receiving' a portion); However, since the ring spring 315 is provided 

. call signararid the second (rod shap^ antenna portion with ^ring characteristics, when the large diameter por- 

20 extendied for use during cbirmihicatio^^^^ ' tion of the joint portion 326 is pushed into tiie core 1 1 , 

' Fi^. 17a is a partiy'drosii-^€N^^ view showing so 'tiie rIhgsfMihg 31 5 can'be slid alohg the outer surface of 

iheanteriha in'whic^^ the joint portibn 326. Therefore, when the second 

is extended. aiKl Fig.'ITb is ah enlarged partiy ao^- ; ahtervi^ larg&<iiameter joint 

Sectional vim bhiy the di<^ stru(^^^ Further; ^ -j jpix^ 326 is slide along the sliding portion 11a of ttie 

Tig. l ite te drcss^sSSSoha^^ ' ' <x)re 11 to suich an extent that the ^ri^ 
antenna in Whibh the ipd shs^^^^^^^ portion 20 is\ 55;'; tiie joint portion 326 reach^ tiie ring spring 315. Here, 

ri^tractecl. a(nd Fig. 1 7t> is ah enlarged pa^^^^ aoss-sec- ' since the diameter of tiie ring spring 31 5 is reduced and 

tibnai view showing only the aick stnicture. thereby fitted to'the notch portion 326a. the ring spring 

In ti^e drawingi the^ f^^^ 10 Is ' 315 is fitted b the notch portion 326a. so that the sec- 
formed by winding a' shW-shap^ antenna elemerit on ohd antehna portion 20 can be clicked (fixed) to the core 
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11; After that since the tmermediate poillon d the SM^^^ 2 and does not function as an antenna, only the first 
ond antenna portion 20 is snialler jn- diameter than the amennaportion 10 is kept exposed froni the 
iarge diameter joint portion 326. th second antenna as to function as an antenna for receiving only a call sig- 
portion 20 can. be passed through the: ring spring 31 5^ , ^. n 

so that the second antenna portion 20 can be extended, - s' v vAs the sedond antenna portion 20. a coiled antenna 
and retracted lightly without anyJrictional feeling. , r having ah electrical length of about 1/2 wavelength of 
To the tower end portion of the joint i30rtion 326, the ^ the used frequency band or a series resonance circuit 
stopper 327 as shewn in Figr :l7d: is^ fixed. Therefore; • / of arclosedfloop composed of an inductor element and 
when the second antenna portion^20 is pulled upward a capacitor eliment can be used by protecting them 
excessively, since the sliding portion^l la of the core ll to^^ with a resin.' Further, when used for two frequency 
cannot moved; the second antenna^pdrtion 20 is pre^. bands, two antenria elements are coupled via a trap r 
vented from being extended out of the casing. The stop^r; a pf]ase shifter, as alreaidy explained, 
per 327 is aisofbrmed.with anaxiaily split portion arid ^^^^ --^ embodiment, the first 

formed with a restn (e.g.. potyacetal) as shown in Fig. ^ antenna element is formed on the outer circumferential 
.17d. Further, as depicted in Fig: 18a. the stoppen 327 core. However, when a part of the 

attached to the joint portion 326 in such a way as to be ; antennja is not always used, and therefore the antenna 
engaged with a recessed portion fornried in the iniief r . is exteirKiedonlyinuse.^^^ 

end of the joint portion 326. Here, when the second.. firsft antenna element on the outer drcumforential sur- 
antenna portion 20 is required to be; inserted into the , / face of the core. 

core 11 on condition that the.stopper 327 has been ^ : lAs described above, in the antenna according to 
attached to the second antenna portion 20^ it is impose - the present invention, since the structure is such that 
sible to insert the second antenna portion 20 as far as . thexextended and retracted antenna portion is formed 
the core 1 1 is not formed with a slit. When the core 1 1 is : : vyith the large diameter sliding portion having a notch 
formed with a slit, the fitting condition between the > (recessed) portion engaged with a separate spring 
antenna portion 20 and the .core, 1 1 is not stabia To 25, member, it is possible to obtain a stable sliding portion 
overcome this problem, im the present emboicfiment. v * at all times without fom^ 

since the stopper 327 can be attached to the second . : ing portion. Further, since the spring member is con- 
antenna portion 20 easily aftenthe second antenna por^. . . »fstructed by a single ring spring., a strong spring 
tion 20 has been inserted into.the core.11. it is possible ^ > : C^^ obtained. As a result, a stable 

to mount the second antenna portion 20 securely to the .30. dick operation can be maimained fo^^^ hours, 
core 11 without removal thereof. That-is. owing to the . whenever the arrtenna is exterided=and|etrad from 
structure otthe stopper 327 as described above, since ;r , arid into the casing in addition.to its. sirT^ extensfon 
the stopper 327:can be,attached?to the„ second antenna, y . andf^retracfon operatiori.^ . ^ ..\ 
. portion 20 after haying been;the seCc^^ th^ first antenna portion can be 

' tion 20 has been insert€Kl into the coral 1. it is possible 35 formed simply by winding an antenna element around 
to obtain a high reliable sliding structure without forming , . the outer circumferential surface of the core having the 
any split portion in the core, 11. ^ ; sijding portion.. it is possible to construct the first 

When the second antenna, portion 20 is inserted antenna portion coupled with the secor^^^^^ 
into the casing being pushed down, as shown in Fig, tiori .sinrply iby.use of a lesser number of. parts. As a 
Ida and 18b. the second aritennatportion 20 other thari ; -^o.^ ^r^u^ obtain an antenna suitable for use 

the large diameter portion 24a can be dropped lightly.:; ;.;yinth a porla^ cost in 

However, when; thenlarge ifliameter: top portion 24a:,rs ^; >which:t^^^ portfon for receivirig only a call 

reaches the ring spring:315r.since:the inner dianieten^^ i . : . signal : ;^^ to 
the ring spring 315 iS:Smaller thar),the oiJtet^diameter 1^^^^^^ . /inci:ease the sensitivity, during communications can be 
rthe top portion 24a. the sepond 

stopped, from^dropping, Hpwwer. when the secorxJ , ,^ ^^^^ ; - > 
amenna portion 20 is pu^^yforther dov^ JFrfthemt)^ 
force, since, the ring spring 31 5)is broaderi outw .t. lor n . 

the radial direction thereof, the large diameter top porr ; . - Fifth embodiment of thja antenna having the first 
tion 24a can be furttier pushed down. being sijd along;^ ;5a andv second arrtenna portions will be described heran- 
the ring springf3t5, andi tN. sjiding pqrtip 1 la of the ; ; > below,with reference to the attached.drawings. in which 
core 11. Whefithenptchc(recessed) ppr^^ . ;-.vthe first antenna element is forrned integral with the 

.in the.top portion 24a reaches tiie^ring spring 315. since; ;/<metal fixture by a single die casting, 
the ring spririg 315 is fitted to Jhe iiotch^ Fig., 19 is a^ . crossrsectiorial view showing an 

vahtenna portioiiv20.cari.be<di^ 11. k^SL^,^i'5S.:, ^rrtenna element (the first antenna portipnj|. and Fig. 20 

result; as shown in Fig, rl8b. the seco^^ is a^froht yiew.showing aa aritenna elerhent formed 

20 can be fixed to the:;,(»re^;1j;1;wi^ top 24^.- , -together with th^^ Further Figs. 20b, 20c. 

exposed on ti[ie top. 14;. Under these conditions, since ^ . ^ ; arid 20d ire cross-sectional views taken along ttie lines 
the second antenna portioii 20 is housed in the casing. ! Gf-B, CtC arid D-D in Fig. 20. respectively.- 
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In Rgs. 1 9 and 20. the shapes of an antenna ele- to the uppennost end of the rod antenna element 442 to 
ment (e.g.. the first antenna portidh) 434 and a metal restrict the axiat movement of the antenna element 442 
fixture 430 are the same as already explained. In this when retracted into the casing 450. Further, the rod 
embodiment, however, both the antenna element 434 antenna element:442 is fomiied with a shoulder portion 
and themetal fixture 430 are formed integral with each 5 442c:at the lowermost end thereof to stop the axial 
otherof a zinc alley, an aluminum alloy, r a magnesium ^ movement of the rod antenna element. 442 when 
alloy by die casting. Further, a cover 438 is fixed to the : . extended from the casing 450. . 
metal fixture 430 to protect the antenna element 434. - y. The antenna having both the antenna element 434 
In the constructidn as described above, since the v and the rod antenna element 442 can be fixed to the 
antenna element 434 Is forrhed integral with the metal jo ' casing 450 by saewing the male threaded portion of 
casting 430 by die casting, the antenna element 434 ' metal fixture 430 with the female threaded portion of the 
can be formed with ah ajipropiiate strength and rigidity.' ^ mounting hole;450a of the casing 450. When saewed, 
indispendently from the nietal fixture 430: Therefbre. it is - a feederrmetal 452 can be-connected toj the metal fix- 
possible to elirifTinate the core and any soldering work. ture 430 electrically. This feeder rhetal 452 Is connected 
Further, since the riumber of parts can be reduced and is ^ to a radio circuit (not shown) via a coaxial cable 454. 
further soldering work can be elimihatied. this embddi- ' ^ In the construction as described above, when the 
ment is suitable for a\ass prbdudion.' In addition, sincid stop ring 440 is engaged with he engage groove 442a 
therigidity of the antenna element 434 is relatively large formed on both skJes of the rod antenna^ element 442. 
relative to the metal fixture 430. as cohfipared with the ' the rod' antenna element 442 can be held at the two 
other embodiments, the- antenna element is not eaisily 20 extended and retracted positk)ns. respectively. When 
defbrmedby an external fbrce a vibrations'. Further/ in • extaided; since the base end portion of the rod antenna 
comparison with the antenna element forrhed by wirid- ' element 442 is coupled to the antenna element 434 
Ihg a wire or plate by manual work, it is possible to elim- capacitively at high frequency, it is possible to use the 
ihate the disperision of the antenna dimensions and ' ' antdnra elenierrt 434 and the rod antenna 
thereby to obtain stable ahtenna characteristics. 25 as a single antenna. 

Figs. 21a and 21b show a modification of the fifth *; * • 'Therefore.- the rod antenna 442 is extended for use 
embodiment, in which the die-casted antenna having ' as a high gain antenna during speech by a portable tel- 
both the antenna elerhent 434 and the metal fixture 430 ' ^'>^'ephone set. and retracted for use as a standby antenna 
is coupled with an extendable ^ and- retractable rod > ' fbr receiving an incoming call signal by use of only the 
' antenna 442. Rg. 21a shows the state where the rod - 30 antenna elemem 434. so that it is possible to ot>tain an 
antenna is retracted arid Fig. 21b ishows the state where' ^ antenna'excellent in portability and sensitivity, 
the rod antenna is extended^ in which the same refe^* « r Furthei^. in the above-mentk)ned . embodiments, 
ence numerals have been retained for similar parts hav- ' "y- " althoughtheanlterina element 434 is returned into azig- 
1hg the sarne functions as with the case shown in Figs. zag shape, without being lirhited only thereto, the 
19 and 20: 35 artenna element can be formed into a helical shape. 

In Figs. 21a and 21b. the metal fixture 430 is formed^ Further, although the rod antenna element 442 is a sin- 
with a through hole 430a extehdirig in the axial direction gle rod. without being lirhited only thereto, a telescopic 
that the rod antenna 434 is attached to a casing 450. rod antenna elenient can be used. • 
'Further, the antenna elertient 434 is formed integral wth :^ ^^^^^^^^^^^ ■ - 

^^the metal fixture 430 iri suc^^ (Sixth embbdifherit)^ ■ - • • i - 

^pbsltibri Ibcated on the'radiallir-butv^^ side from the^ ci^v^ . r 'ir:> r ^-U'-ti--^ - 
inrter drcumferential surfec6=c>'tHe throiigh hole 430ii * <, -'Further;' Rg.* 22 shows a sixth>embodiment where 
• Tuilher. the cbver 438' is fonri^^with' a through hole- ^ ' • the anterinfli'elenrieht 1 as shown in Fig. 1 is formed on 
' 438^ coaxially with the through h6le 430aii The through ^^^ ' ^ '^^^^^ embodiment is 

hole 438a is formed with a'cbiebdai girbove 438b in-thel - portable telephone set in the 

Inner circumferential surfoce thereof, and sa\ elastic stop - - radio app^tirs. As shown in^Fig. 22. the antenna ele- 
ring 440 having an inner diameter smaller than the inner ' ^ '' merit 1 is connected to a high frequency circuit 402 via 
diameter of the through hole 438a is attached to this** a feeder point 403a: Further, a' push button type ten 
groove 4386? This stop ring 440 is not necessarily an ' keys 403 are'arranged on tr? surface of the casing 2. 
' anriular shape biit'an elastic ring roWned with ari axially 'so^ - Fur1fler^Flg. 23 shews a similar eriibodiment wheire 
^lit porfoff at one Ml ther^ec : ' - .irt^^^^ axially ' ' ' ttie ahteriha element 1 as shown in Rg. 15 is formed on 
extendable arid retrattatie rdd- d ter^>^ demert 442 is" • ' ^ This embodiment is 

fitted to the thrbugti hole 438a ot cover 438 and the - p^irticulaiiy s^ fbr a portable'tel^hone s^ in the 
through hole 436a of ttie^ metal fixture 430. ThisTod /'rado apparatus. As shown in Fig: 23, the antenna ele- 
antenna element 442 is formed wttri two slightiy large^ 55 merit i is (K)riheded to a High frequency circu^ 
diameter pprtions on both'sWes thereof as compared ' a feeder pbint 403a. . Further, a push t)utton type ten 
with thiat of the imennkiiabl!)brtion thereof and with two keys 4b3'are arraiiged on the siuriace of the casing 2. 
engage' grooves 442a engaged' with the stop ring 440- • - In the k)ove-mehtioried em^ the high fre- 
on both skJes thereof. Further, a knob'442b is attached. . ' quehcy circuit boaifd is usually formed of epoxy resin. 
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and the high frequency circuit is formed by a pattern 
print. Further; when a ceraniic 8uk)strate is used, the cir- 
: cuit pattern is formed by. baking a copper foil thereon. 

As described above, when the antenna element is 
formed within the . casing; since . the antenna element 
does not project toward the outside, the radio apparatus 
is convenient when earned. Further, since the antenna 
element can be maruifactured simultaneously together 
with the high-frequency circuit by printing process, it. is 
possible to reduce the cost thereof, as compared with 
the case where the antenna element is attached to the > 
casing from the outside. 

Claims 

1. An antenna, wherein an antenna element formed 
by a long conductor is formed with at least one 
returned portion arranged substantially in paraHel to 
a longitudinal direction of the antenna element'.. 

2.. The antenna of claim 1 . wherein a physical length 
of the antenna element in the fongitudinai direction 
is determined to such a length as to be substantially 
- resonated in a first frequency t>and. and the at least 
one returned portion is formed in such a way as to 
be resonated in a ^second frequency band twice 
higher than the first frequency band on the basis of 
an electric coupling with the adjacent antenna ele^ 
-ment . . s 

3. The antenna of claim 1 . wherein the long conductor^, 
. is formed by a belt-shaped body, 

4. The antenna of claim 1 , wherein the antenna eier . 
ment formed with the returned portion is wound into 
a coit shape with the longitudinal direction of the 
antenna eiemerrt as a central axis thereof by main-' 
taining^ electrical, coupling with the adjacent 
antenna elenrient „ . r 

. 5. The antenna of claim 1 , wherein the long conductor 
is formed into a zigzag shape and fonned with the^ 
returned portfon in such a way tttat zigzag portions 
thereof are adjacent to each other. 

, 6. . The antenna. of claim 1; ytrherein the length of the^ 
long conductor.^ in the fongitudinai direction.;, is^. 
formed-,souas to conrespond to substantially 1M 
wavelength.of the first frequency band. 

7. ThQ anterina attached to< a: radio apparatus, com- 
• :. prising: :i vp; ■ - >; v- i-^J; 


: a 'first antenna ,portibri .ihaving one end con: 
. nected to a feedetr portion and defined by cjaim 
. 1;.and ; . ... .....v 

a second antenna portion separated from the 
feeder portion when, housed in a casing of the 
radio apparatus, and having one end coupled 
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electrically to.the other end of the first antenna 
portion when exteraled externally from the cas- 
ing of.the radio apparatus. 

8. The antenna of claim 7. wherein the other end of 
the first arttenna portion and one end of the second 

V ^: antenna portion are electrically coupled capad- 
tively. and/or. inductively. , without direct contact 
, . betweeri the two antenna portions. . 

9. ' The antenna of claim 7. wherein the first antenna 
. -rportion is the first antenna element formed with the 

returned portion as defined by claim 1. the first 
antenna element being formed by an electrically 
conductive belt-shaped body disposed on an outer 
drcumference of a cylindrical bobbin fiDrmed of an 
electrically insulatingsubstance. 

10. The antenna of claim 9. wherein one end of the first 
: . .antenna element is I elec^ connected to a 

metal fixture for nripunting a feeder disposed at a 
. ipwer portion of the first antenna portion; and the 
.pthar end of the first antenna element is formed 
with a projectiori portion projecting radially inward 
: .; of .the bobbin via a .through hole formed at a part of 
a side wall of the bobbin; and the first and second 
; antenna portions are connected electrically by fit- 
ting the projection portion, tp a recessed portion 

V formed in a metal stopper attached to a lower end 
, of .Qie.secpnd antenna portion in electrical contact 

with the se<X)nd a^ 

11. The antennaj comprising: . 

a,first,anterina portion having a metal fixture 
connected to a feeder portion at a lower end 
, podion ttiereof and defined as daim 1; and 
a second antenna portion separated from the 
feeder pqrtipn vvlien housed in a casing of the 
radio apparatus and having a stopper portion 
;v>.v.:: i . dispossd at a lower end thereof and connected 
r: . ; v^9:^e feeder portion when extended extemally 

V !r .^/frpm. the <»sing of the apparatus, the 

metal fixtore.of .the:^f^^^^ portfon being 

fixed to an upper end portion of the extended 
; second, amenna portion, 

^12. The antenna of claim 11. wherein the first antenna 
potlipn and the s^ antenna portion are cori- 
rieded to each other eiepbic^ . 

; 13. The aritenna ot claim; 11. wherein the first antenna 
; portion jvid t^ secohd antenna portion are c u- 
J pl|kl to. each other inductively. 

14*, The antenna of daim J 1... wherein the second 
, antenna portion is constructed by th antenna as 
^defined by claim i..,. 
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15. Ttie radio apparatus, comprising: 


the other end of the first antenna portion. 


a transmit and receive circuit; 

a casing for covering the transmit and receive 

circuit: 

a feeder portion disposed in the vicinity of the 
casing and electrically connected to the trans- 
mit and reddive dicUlt; iemd ' 
an antenna attached to the casing and electri- 
cally connected to the feeder portion/ the 
antenna as defined by claim 1 being used as at 
least a part of the antenna of the radio appara- 
tus. 

1 6. An antenna, comprising: 

a first antenna portion having an antenna eie* 
ment formed by a long conductor and formed 
with at least one returned portion arranged 
substantially in parallel to a longitudinal direc- 
tion of the antenna element, the first antenna 
portion being formed in such a way that a total 
electrical length thereof is substantially 1/4 
wavelength of a first frequency band but sub- 
stantially 3/4 wavelength of a second frequency 
band; arid ' • ^ 

a second antenna portion having one end por- . 
tion connected electrically to the first antenna 
portion when extended externally from a cas- 
ing, the second antenna portion being com- 
posed of a first antenna element formed in 
such a way that an electrical lengtii thereof is 
substantially 1/2 wavelength of the second fre- 
quency band and a second antenna element 
connected to the first antenna element electri- 
cally aiid formed in such a way that a total elec- 
trical iengtii together with the first antenna 
' element is substantially M2 wavelength of the 
first freqiiefncy band! : 
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'17. the'anteriria of claim 16; wherein the first anterina 
^ " element and the second aintenna element are oon^' 
^ nected to each other via a trap parallel-resonated in"^ ^ 
the s^nd frequency band- ' 

18. The antenna of daim 16, wherein the first antenna 
element and the second antenna element are con- 
nected to each other via a phase shifter for shifting 

* * a phase of 180 degrees with respect to the second 
frequency barki; ' 

19. the antenna oif claim 16; wherein the first antenna 
' ' portion is fbrrhed with i coupling returned portion at 

' a position tn* elelchriciU length^ d substantially 1/4 
wavelength of the second frequency band away- 

* frdm one erxi portibn'thereof on feeder portion side, 
and further tiie second' antenna portion is so dis- 
posed as to be coi^iled capacitively and/or induc- 
tively with both the coupling returned portion and 
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20. An antenna, wherein a second antenna portion 
::.fbrmed so.as to have an electrical length of sub- 
stantially 1/2 wavelength of one frequency band is 

- connected electrically, .'wtien extended, t a first 
antenna portion formed in such a way a total length 
r :thereof has an electrical lengtii of substantially 3/4 

. wavelengtii of the one frequency band; and ttie first . 
aritenna portion is formed in such a way ttiaia por- 
tion corresponding 10 an electrical lengtii of sub- 
stantially 2/4 wavelengtii of tiie frequency band can 
function as a phase shifter for canceling electric 
fields with each other. v 

21. An antenna, comprising: i- , 

' ' a first antenna portion having an antenna ele* 
- ment formed by a long conductor and formed 
. with at least one returned portion arranged 
' V substantially in parallel to a longitudinal dtrec- 
^ ' < tion of tiie antenna element.: and 

a second antenna portion having one end por- 
.'T tion corinected electrically Jo tiie first antenna 
. portion when* extended»extemally from a cas- 
^ :Jng. tiie second antennatportion being a series 
' 'resonance circuit having an inductor element 
: and a capacitor elenient'and coupled with tii 
first antenna portion capacitively and/or induc- 
tively. 

22. The antenna of claim 21 . wherein the first antenna 
portion is formed with the returned portion for tians- 
mitting -and receivingrbbth^first. and second fre- 

-quency bands, respectively;! the second antenna 
• portion is composed of a first* series resonance cir- 
' cuit series-resonated in thei first frequency band 
and a second series resonance circuit series-reso- 
nated in the second' frequency' band; and tiie first 
and second series resonance circuits are coupled 
• ' - witii each other capacitively and/or inductively. 

^23. ^An antenna, comprising: \ 


an antenna element formed by a long oonduc- 

^ tor and formed with at least one returned por- 
•tiohi arranged substantially ; in parallel to a 

' longitudinal direction of the antenna elOTient in 
' Such a way^ttiat an electrical length thereof is 
substantially 3/4 wavelength of a frequency 

^bahd 6f trarisnutted and received signals; and 
at least half of an electrical length of substan- 
tially 1/4 wavelength of the frequency band 
beginning fronri an end portion of the antenna 

'^'^ eleftient on a side oppcsite to a feeder portion 
Side is formed as an extended antenna piece 
' exteridihg -substantially in non-parallel t tiie 
: substaritially parallel-formed antenna element. 
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24. The antenna of claim 23. wherein the at least half of 
the electrical length of substantially 1/4 wavelength 
portion extending substantially in non-parallel is 
extended in such a way that small crank-shaped 
portions are repeatedly formed along the substan- 5 
tially parallei-fbrmed antenna element. 

25. An antenna, comprising: 

an antenna element formed by a long cbnduc- 10 
tor and formed with at least one returned por*. 
tion ;^arranged substantially in parallel to a 
longitudinal direction of the antenna element In 
such a way that an electrical length thereof is 
sut)Stantially 1 /4 waveliength of a first frequency is 
band; and a coupling returned portion formed* 
so as to be coupled with a second antenna por- . 
tion capacttively and/or inductively at a positiori 
an electrical length of substantially 1/4 vyave- 
length of a second frequency band away from a 20 
feeder portion side off the antenna element 

26. The antenna, comprising: 

a first antenna portion as defined by daim 25 '25 
and fomied by an antenna element disposed 
on an outer circumferential portion of a cylindri; 
cal insulating body; 

a second antenna portion coupled with the first 
antenna portion capacitively and/or Inductively 30 
when extended extemaliy being slidably moved 
along an inner circumferential portion of the 
Insulating body; and 

the end portion of the antenna element of the 
first antenna portion being formed at a position 3S 
farther away from the second antenna portion 
than the coupling returned portion in such a 
way that the second antenna portion can be 
easily coupled with the coupling returned por- 
tion of the first antenna portion in the second 40 
frequency band at an end portion opposite to a 
feeder portion of the antenna element of the 
first antenna portion. . v ^ v{ ' 

27. Anantennijcomprising: . . V 4S 

a cylindrical core fixed to a metal fixture at one 
end thereof; 

a ring spring disposed coaxially with the core 
on the other end portion of the core; so 
a cap formed with a through hole communicat- 
ing with a central hole of the core and covering 
the,cdi:e and the ring sprlng;'and . . ' " 
a rod antenna member formed with a large- / 
diameter top portion and a joint portion on both '55 
ends thereof so as to be slidably fitted to the 
central hole of the core. 

wherein a notch engaged with the ring 
spring is formed at the top portion and the joint 


portion of the rod antenna member, respec- 
tively 

28. The antenna of claim 27. wherein a split-type stop- 
per having an outer diameter larger an inner diam- 
eter of a hole of the cylindrical core, through which 
the joint portion of the rod antenna member is slid- 
ably moved, is fitted to an end portion of the joint 
; portion of the rod antenna member. 

2a The antenna of daim 27. wherein the cyiihdrical 
core is formed of an electrically insulating sub- 
stance, and a first antenna portion is formed by dis- 
posing an antenna element on an outer 
drcumference of the core. 

30. A radio apparatus, comprising: 

a high frequency drcurt board disposed in a 
casing; and 

an antenna formed with an antenna element 
formed by a long conductor and formed with at 
least one returned portion arranged substan- 
tially in parallel to a longitudinal direction of the 
antenna element, the antenna being provided 
on the high frequency drcuit board. 

31. A radio apparatus, comprising: 

a high frequency drcuit board disposed in a 

casing; and 

an antenna element formed by a long conduc- 
tor and formed with at least one returned por- 
tion an'anged substantially in parallel to a 
longitudinal direction of the antenna element in 
such a way that an electrical length thereof is 
substantially 3/4 wavelength of a frequency 
band of transmitted and received signals; and 
at least half of an electrical length of substan- 
i- tially: 1/4 wavelength of the frequency b^6 
beginning from an end portfon of the antenna 
elemisnt orija side opposite to a feeder portion 
side is formed as an extended antenna piece 
extendirig substantially in non-parallel to the 
substantially parallei-fbrmed antenna element, 
the antenna being provided on the high fre- 
quency drcuit board. 
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mined to such a length as to be substantially resonated 
in a first frequency band, and the at least one returned 
portion (la) is formed in such a way as to be resonated 
in a second frequency band twice higher than the first 
frequency band on the basis of an electric coupling with 
the adjacent antenna element. Further, the antenna can 
be constructed in such a way that: an antenna element 
(1) of a long conductor Is formed with at least one 
returned portion ananged substantially In parallel to a 
longitudinal direction of the antenna element iri such a 
way tiiat an electrical length thereof is siibSteiritialiy 3/4 
wavelength 'df a frequency bisufid of tra^t^mitted and 
received signals; and at least half element (213) of an 
electrical length of substantially 1/4 wavelength of the 
frequency band t)eginning from an end portion of the 
antenna element on a side opposite to a feeder portion 
(30) side is formed as an extended antenna piece 
extending substantially in non-paratlel to the substan- 
tially parallel-formed antenna elements (21 1 , 2.1 2). 
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